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The Ecological Effects Branch (EEB) has completed its review of
four tebuthiuron Tier II aquatic plant growth studies submitted by
Eli Lilly Company. Extrapolating from recently reviewed tebuthiuron
residue monitoring studies (refer to an Environmental Fate and
Ground Water Branch review dated 03-20-90), EEB has estimated that
concentrations in water may reach 0.54 ppm following terrestrial
applications at the maximum rate of 6 1b ai/a. This concentration
exceeds the EC50's for Lemna gibba, Skeletonema costatum, and
Navicula pelliculosa. Consequently, aquatic plant testing at the

'Tier III level will be required.

The following is a brief summary of the phytotoxicity data’
reviewed:

1. CITATION: Negilski, D.S., D.W. Grothe, and P.J. Cocke. 1989.
Toxicity of Tebuthiuron to Blue-green Alga (Anabaena flos-
aquae) in a Static Test System. Prepared by Lilly Research
Laboratories, Division of Eli Lilly and Company, Greenfield,
IN. MRID No. 410804-01.

CONCLUSIONS: This study is scientifically sound and fulfills
the guideline requirement for a Tier II aquatic plant test
using the blue-green alga Anabaena costatum. Based on algal
cell counts on day-5, the EC50 and EC25 values were 4.064 and
1.69 mg/L, respectively. With aquatic residues of 0.540 ppm,
this species is not expected to be adversely affected by
tebuthiuron use.
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CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity of
Tebuthiuron to a Marine Diatom (Skeletonema costatum) in a
Static Test System. Laboratory Project No. J00389. Prepared
by Lilly Research Laboratories, Greenfield, IN. MRID No.
410804-02.

CONCLUSIONS: This study is scientifically sound and fulfills
the guideline requirement for a Tier II aquatic plant test
using the marine diatom Skeletonema costatum. Based on cell
counts on day 5, the EC50 and EC25 values were 0.050 and 0.031
mg/L, respectively. With the potential for aquatic residues
to reach 0.540 ppm, this species is expected to be adversely
affected by tebuthiuron use.

CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity of
Tebuthiuron to a Freshwater Diatom (Navicula pelliculosa) in
a Static Test System. Prepared by Lilly Research Laboratories,
Greenfield, IN. MRID No. 410804-03.

CONCLUSIONS: This study is scientifically sound and fulfills
the guideline requirement for a Tier II aquatic plant test for
the freshwater diatom Navicula pelliculosa. Based on cell
counts on day-5, the EC50 and EC25 were 0.081 and 0.035 mg/L,
respectively. With the potential for aquatic residues to reach
0.540 ppm, this species is expected to be adversely affected
by tebuthiuron use.

CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity of
Tebuthiuron to Duckweed (Lemna gibba) in a Static Renewal Test
System. Laboratory Project No. J00588. Prepared by Lilly
Research Laboratories, Greenfield, IN. MRID No. 410804-04.

CONCLUSIONS: This study is scientifically sound and fulfills
the guideline requirement for a Tier II aquatic plant test
using Lemna gibba. Based on 14 day biomass, the EC50 and EC25
values were 0.135 and 0.066 mg/L, respectively. With a
potential for aquatic residues to reach 0.540 ppm, this
species is expected to be adversely affected by tebuthiuron
use.
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MRID No. 410804-01

DATA EVALUATION RECORD

CHEMICAL: Tebuthiuron.
Shaughnessey No: 105501.

TEST MATERIAL: Tebuthiuron (EL-103, Compound 75503f; N-[5-
(1,1-dimethylethyl)-1,3,4~-thiadiazol-2-yl]-N,N'~
dimethylurea; 99.08% active ingredient.

STUDY TYPE: Growth and Reproduction of Aquatic Plants,
Tier 2. Species Tested: Anabaena flos-aguae.

CITATION: Negilski, D.S., D.W. Grothe, and P.J. Cocke 1989.
Toxicity of Tebuthiuron to the blue-green alga (Agabaeng
flos-aquae) in a static test system. Prepared and submitted
by Lilly Research Laboratories Division of Eli Lilly and
Company, Greenfield, IN. MRID No. 410804-01.

REVIEWED BY:

Debra S. Segal, M.S. - 8ignature: Agclzaq ;J- /ignzp
Associate Scientist ‘-
KBN Engineering and Date:

— ¥_op
Applied Sciences, Inc. EﬂL;fQﬂléﬁ. é r€745%§9

APPROVED BY:

; .
Michael L. Whitten, M.S. Signature: M/ t( &0%—“

Staff Toxicologist
KBN Engineering and Date: (~/0- 90
Applied Sciences, Inc.

Henry T. Craven, M.S. Signature: l Lk‘/bﬂ
Supervisor, EEB/HED
USEPA ’ Date: 7“!‘” sl 12514

CONCLUSIONS: This study is scientifically sound and

fulfills the guideline requirements for a Tier 2 growth and
reproduction of a non-target green alga test. Based on

percent inhibition of specific growth rate, the EC;, and EC,;

were 15.1 and 2.99 mg/L, respectively. Based on cell count,

the NOEC was 0.31 mg/L. ‘ .
DA~; S ECsp a~d EC28 Vu.\v.(S wene 4,06 ad /-Lflu}/L IH{JL’(,“(&&(Y‘
RECOMMENDATIONS: N/A,
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MRID No. 410804-01

DISCUSSION OF INDIVIDUAL TESTS8: N/A.

MATERIALS AND METHODS:

A.

B.

c.

Test Species: Anabaena flos—aquae used in this test
came from stock cultures maintained at the Environmental
Toxicology Laboratory of Eli Lilly and Company.
Originally, a sample of this species (UTEX No. 1444) was
obtained from the Starr collection at the University of
Texas. Stock cultures of A. flos—-aguae were grown in
algal nutrient medium and housed in an environmental
growth chamber (Rheem—-Shere, Model CEL 8)..

Dosage: Seven-day growth and reproduction test.

Test System: Test vessels were 500-mL Erlenmeyer flasks
made of borosilicate glass. Each flask contained 100 ml
of solution. Temperature and pH of each treatment stock
solution were measured at test initiation. At test
termination these parameters were measured in each
replicate test solution. Total alkalinity, total
hardness, and conductivity of the aqueous nutrient
medium were determined on day 0. Cultures were held at
approximately 24 °C and continuously illuminated at 2
klux (40 uE/m?’/sec). The algal nutrient medium was
prepared by adding 10.0 ml of each stock solution to 9.0
L of sterile water, and diluting to 10.0 L.

Test Design: Based on a seven-day study, six nominal
concentrations of Tebuthiuron (0.31, 0.62, 1.25, 2.5,
5.0, and 10.0) were selected for the definitive test.
Each treatment level consisted of three replicates.

An initial tebuthiuron main stock solution was made by
adding 0.01006 g of test compound (corrected for purity)
to 1000 ml of aqueous nutrient medium. This solution
was mixed thoroughly with a mechanical stirrer.
Individual stock solutions at each exposure level were
made by adding the appropriate amounts of main stock
solution and aqueous nutrient medium to a 500-ml
Erlenmeyer flask.

A 1.0-ml sterilized pipette was used to transfer the
appropriate volume of algal inoculum to each test flask
in order to achieve a cell population density of 10,000
cells/ml. Each flask was capped with aluminum foil to
prevent contamination while allowing free gas exchange,
and placed in an environmental growth chamber for seven
days. All flasks were agitated once a day to prevent
the cells from clumping together. The location of each

2
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MRID No. 410804-01

flask in the growth chamber was randomized on a daily
basis to avoid possible light "hot spots".

Samples were collected for tebuthiuron analysis at test
initiation from the treatment stock solutions that were
used to fill each replicate flask. At test termination
(day 7), samples were collected by filtering each test

solution through a 0.7-um glass—-fiber membrane filter to
remove algal cells. Filtrates from treatment replicates
were pooled and submitted for analysis of tebuthiuron.

The water samples were membrane filtered and diluted
with methanol and mobile phase as appropriate to yield
concentrations approximately that of analytical
standards (0.4 ug/ml and 0.1 ug/ml) prepared in the same
manner. Tebuthiuron was then assayed directly using
high performance liquid chromatography. The
chromatography was accomplished using a 4.6 mm X 250 mm
Alltech C18-RP (10 um) column with 65:35 methanol:water
mobile phase. The tebuthiuron was quantified by
comparison to a tebuthiuron reference standard.
Injections of 200 ulL of 0.1 ug/ml (equivalent to 0.02 ug
of tebuthiuron) permitted a limit of quantitation of
approximately 0.012 mg/L for control water assayed in
the same manner as the lowest level test sample.

Reproduction in the algal cultures was determined by
quantifying cell populations on days 1, 2, 3, 4, 5, 6,
and 7. A compound microscope and hemocytometer were
used to enumerate the algal cells. Cell counts were
expressed as number of algal cells per milliliter of
solution (cells/ml). Each day it was necessary to
sonicate a sample of the algal cells in order to break
up clumps of cells. Approximately 1 ml of solution from
a test vessel was placed in a glass liquid scintillation-
vial. The vial containing the solution was sonicated
for approximately 20 minutes prior to counting on a
hemocytometer. The limit of detection for this counting
method was 104 cells/ml. To obtain a direct measure of
algal biomass, dry weight of the algal cells in each
flask was determined on day 7. A measured volume of
solution from each flask was passed through a preweighed
glass-fiber filter. Each filter was dried at 105 °C for
24 hours and reweighed. Dry weight of the algal cells
was determined by calculation and expressed as
milligrams of dry weight per milliliter of test solutlon
(mg/ml) .
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Statistics: A one-tailed Dunnett's t-test was used to
detect treatment responses that were significantly
different (p<0.05) from those of the control. To define
the no-observed-effect concentration (NOEC), individual
Dunnett's t-tests were performed on specific growth
rates, on algal cell count data from day 7, and on the
algal biomass data obtained from dry weight measurements
on day 7. The specific growth rate of each replicate
culture was determined as the slope of the growth curve
(cell count versus time) during the logarithmic phase of

algal reproduction (days 0 to 3) using the following
regression equation:

log,p(N) = Rt + log,;,(No), where

N = cell count (cells/ml),
R = specific growth rate (1l/day),
t = time (days), and

N, = initial cell count (10* cells/ml).

The median effective concentration was defined as the
concentration of tebuthiuron that caused 50% inhibition
of the specific growth rate of treated algal
populations. The percent inhibition of specific growth
rate at each tebuthiuron concentration was calculated
with the following equation:

R.-R,
Iy = —————- X 100, where
R,

I, = percent inhibition based on specific growth rates,
= mean of the specific growth rates of three

replicate control cultures, and

mean of the specific growth rates of the three

replicate cultures at each treatment level.

A linear regression of percent inhibition versus the
logarithm of the average analyzed tebuthiuron
concentration was used to obtain the median effective
concentration. The 95% confidence interval around the
regression line was generated using SAS, and a graph of
the regression line and associated confidence limits was
obtained. The 95% confidence limits for the median

effective concentration (EC,,) were obtained by graphic
interpolation.
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12. REPORTED RESULTS:

No significant decrease in specific growth rate relative
to the control was observed at a mean tebuthiuron
concentration of 0.31 mg/L (Table 3; attached). At mean
tebuthiuron concentrations of > 0.62 mg/L, specific
growth rates were significantly lower than those in the
control. Algal growth rates at tebuthiuron
concentrations > 0.62 mg/L ranged from 0.562 to 0.370
day !, compared to 0.634 day ' for the control. Based
on specific growth rate, the NOEC for tebuthiuron was
0.31 mg/L.

Significant decreases in algal cell count and algal
biomass occurred at tebuthiuron concentrations >0.62
mg/L (Table 4; attached). No significant reductions in
algal cell counts or algal biomass occurred on test day
7 at a tebuthiuron concentration of 0.31 mg/L.

No significant reductions in algal biomass were observed
at an average analyzed tebuthiuron concentration of 0.31
mg/L, where the mean dry weight value was 0.056 mg/ml
compared to the control biomass of 0.04 mg/ml.
Significant decreases in algal biomass occurred at
tebuthiuron concentrations >0.62 mg/L. At tebuthiuron
concentrations of 0.62, 1.32, 2.62, 5.49, and 11.05
mg/L, mean dry weight values were 0.036, 0.027, 0.018,
0.012, and 0.007 mg/ml, respectively. Based on algal
cell count and biomass at test termination, the NOEC for
tebuthiuron was 0.31 mg/L.

Using the logarithm of the average analyzed tebuthiuron
concentration and the percent inhibition data for
tebuthiuron concentrations >0.62 mg/L (Table 3), a
linear regression model (y = mx + b) was used to
estimate the median effective concentration. According
to this analysis, the median effective concentration of
tebuthiuron was estimated to be 30.9 mg/L with 95%
confidence limits of 12.6 and 229 mg/L (Figure 2;
attached). The slope of the regression line was 22.4,
the y-intercept was 16.5, and the coefficient of
determination (R?) was 0.92.

13. STUDY AUTHOR'S CONCLUSIONS/QUALITY ASSURANCE MEASURES:
"Based on specific growth rate, algal cell count, and
mean dry weight, the NOEC of tebuthiuron was 0.31 mg/L
for the blue-green alga, Anabaena flos—-aquae. These
same parameters were significantly reduced relative to
the control cultures at tebuthiuron concentrations >0.62
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MRID No. 410804-01

mg/L. Using the specific growth rate during the
logarithmic phase of reproduction as an indicator of
algal growth, the median effective concentration with
95% confidence limits was estimated to be 30.9 (12.6,
229) mg/L. The slope of the regression line was 22.4."

A GLP compliance statement was included in the report and
the study was audited by Lilly research Laboratories'
Quality Assurance Unit. A statement of quality assurance
was included in the report, indicating that the study was
conducted in accordance with U.S. EPA Good Laboratory
Practice Standards.

14. REVIEWER'S DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

A. Test Procedure: The test procedure and the report were
generally in accordance with the SEP and Subdivision J
guidelines, except for the following deviations:

o The maximum label rate was not provided in the
report.

o A 25% detrimental effect level was not provided in
the study although it was calculated to be 2.99 mg/L.

o Aluminum foil was placed on the top of each flask to
“prevent contamination while allowing free gas
exchange". Although not stated in the SEP, aluminum
foil probably did not allow for free gas exchange.

B. Statistical Analysis: The reviewer recalculated the
EC50 value using linear regression by plotting the log
of mean measured concentration against the percent
inhibition of specific growth rate expressed as probits
(attached) and obtained a value of 15.1 mg/L rather than
30.9 mg/L as reported by the authors. An EC,; value was
calculated by the reviewer to be 2.99 mg/L. Dunnett's
test was performed to compare cell counts and algal
biomass at each treatment level to those of the solvent
controls (attached). The results showed that
concentrations of 0.62 mg/L reduced the cell counts of
A. flos—-aquae at test termination (day 7). The NOEC was
calculated to be 0.31 mg/L.

C. Discussion/Results: The 7-day EC50 value of tebuthiuron
(EL-103) was 15.1 mg/L based on % inhibition of specific
growth rate. Based on the reduction of both cell counts
and algal biomass, the no-observed-effect concentration

6
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MRID No. 410804-01

(NOEC) was determined to be 0.31 mg/L nominal
concentration.

D. Adequacy of the Study:
(1) Classification: Core
(2) Rationale: Although the test procedures deviated
from the guidelines, the reviewer does not believe
they significantly affected the validity of the
toxicity results. ,

(3) Repairability: N/A

15. COMPLETION OF ONE-LINER: Yes, 01-05-90.

N
Y
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CONC. NUMBER NUMBER PERCENT BINOMIAL
EXPOSED DEAD DEAD PROB. (PERCENT)

11.05 160 80 80 0

5.49 100 46 46 0

2.62 100 40 40 0

1.32 100 38 38 0

62 100 0 0 0

.31 100 0 -0 ¢

BECAUSE THE NUMBER OF ORGANISMS USED WAS SO LARGE, THE 95 PERCENT
CONFIDENCE INTERVALS CALCULATED FROM THE BINOMIAL PROBABILITY ARE
UNRELIABLE. USE THE INTERVALS CALCULATED BY THE OTHER TESTS.

AN APPROXIMATE LCS50 FOR THIS SET OF DATA 1S 5.932538

RESULTS CALCULATED USING THE |

CONE 1DENCE LTS

4 1.709484E-02 £38.2385655 "

RESULTS CALCULATED USING THE PROBIT METHOD
ITERATIONS G H

GOODNESS OF FIT PROBABILITY

0

3 46735192 10.220%91 §7

o



L et b am -+ - - L R P PR -~ e - e e o IR TR RV A ]

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED.

g PERCENT CONFIDENCE LIMITS = .56343 AND 2.999806

B¢ 25 = /699
1.918451 AND 16.58471

E LIMITS = .03893%92 AND 1.717353
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lewis tebuthiuron anabaena 7-day
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CONC. NUMBER NUMBER PERCENT BINOMIAL
EXPOSED BEAD DEAD PROB. (PERCENT)

11.05 100 88 88 0

5.49 100 68 68 0

2.62 100 355 35 0

1.32 100 52 ‘ 32 0

62 100 17 17 0

.31 100 0 : 0 0

THE BINOMIAL TEST SHOWS THAT .62 AND 1.32 CAN BE

USED AS STATISTICALLY SOUND CONSERVATIVE 95 PERCENT
CONFIDENCE LIMITS, BECAUSE THE ACTUAL CONFIDENCE LEVEL
ASSOCIATED WITH THESE LIMITS IS GREATER THAN 95 PERCENT.

AN APPROXIMATE LCSC FOR THIS SET OF DATA IS 1.268473

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD
SPAN G 93 PER
1.336607E-02 A

RESULTS CALCULATED USING THE PROBIT METHOD

ITERATIONS G H
GOODNESS OF FIT PROBABILITY
S » 236495 5.832722

0
A PROBABILITY OF O MEANS THAT IT IS LESS THAN 0.001.

SINCE THE PROBABILITY iS LESS THAN 0.03, RESULTS CALCULATED
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED.

= ,8909471 AND 2.577848

&C »5 O, P04
1.243045 AND 4.15792

95 PERCENT CONFIDENCE LIMITS

ENCE LIMITS

"

,~W
N
P}

T CONFfDENCE LIMITS = 7.650377E-02 AND .8157778 C?
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slope = - 1.781618 LC30 4.064124 LLC25

il

1.699295
slape = 1.734398 LCS50 = 2.213825 LC25 =

. 9040352
tebuthiuron anabaena 5-day .
File: atNanae’ Transform: NO TRANSFORM

ANOVA TABLE

SCURCE DF ss MS F
Between 6 3603347.619 600557.937 85.736
Within (Error) 14 98066 .667 7004.762
Total 20 3701414.286

Critical F wvalue = 2.85 (0.05,6,14)

Since F > Critical F REJECT Ho:All groups equal

tebuthiuron anabaena 5-day

File: a:\anae Transform: NO TRANSFORM

DUNNETTS TEST - TABLE 1 OF 2 Ho:Control<Treatment é

TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 ) 1410.000 1410.000
2 .31 1461.667 1481 .667 -0.756
3 62 1450.000 1450.000 -0.585
4 —_—T1 37 868.333 868.333 7.926 %
5 2.62 840.000 840.000 8.341 %
é 5.49 766.667 766.667 9.414 %
7 11.05 278.333 278.333 16.560 *
Dunnett table value = 2.53 (1 Tailed Value, P=0.05, df=14,8)
tebuthiuron anabaena S—day
File: a:lanae . ~. Transfarm: NO TRANSFORM
DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatment
: NUM OF Minimum Sig Diff % of DIFFERENCE
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 0 3
2 + 31 3 172.891 12.3 -51.667
3 62 3 172.891 12.3 -40.000
4 1.32 3 172.8%91 12.3 541.667
5 2,62 3 172.891 12.3 570.000
& 5,49 3 172.891 12.3 643,333
7 11.05 2 172.891 12.3 1131.667
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DELETE SOME OF THE DATA
FERFORM REGRESSION ANALYSIS
STORE DATA

. GO TO PROGRAM MENU

DO ANOTHER REGRESSION

OFTION 7 4

COEFFICIENT OF CORRELATION= ,9300662

PRESS ENTER TO CONTINUE.™?
ACTUAL. VERSUS ESTIMATED VALUES
X=logconc Y=probit

DATA POINT X Y ESTIMATED Y ERROR-

1 ~. 309 3012 3. 392307 ~ 2723072

2 =~. 208 3.77 3. 67891 ?.108996E-02

5 «» 121 36 F.992174 - . 367826

4 418 4,29 _4.274969 1.5303134E~02

5 .74 4.45 4.381567 -« 13154675 !
b6 1.043 4.8 4.870075 ~7 . QO7456E~02 |
FRESS ENTER TO CONTINUE? ‘
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NOEC - el count
Afnalvsis of YVarliance File: tebana Date: O1-03-198%

FILTER: Mone
M=, means and standard deviations based on dependent variable: COUNT

# Indicates statistics are collapsed over this factor

i

Factorse: C N Mear - ceH 4 5.D.
# 21 1399, 5238 COY 771, 0705
1 Srve o A RERE. Q000 1O7.5872
2 .31 mgh 3 2360, 0000 47.6970
I ok = 1926, 6666 47%.1084
4 (.3 = 1118. 335 28.8475
5 A6l i 1051, 6666 16.0728
& 5.N9 A ARLIREI 53,4634
7 1.05 = 2B1. 6667 16.0728
Fmax for testing homogeneity of between subjects variances: 44,81
Number of variancess 7 df par variance= 2.
fAnalysis of Variancs Dependent variable: COUNT
Source d+f 88 (H) Mes F F
Retween Subjscts 20 11820994.0000
G (CONC) & 11851162.0000 19731937, 6200 694,234 0.0000
Subji w Groups 14 AQBIEZ. 0000 2845, 1428
7y
i

A
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NMOEC - 0200 Count
Arnalvsis of Yariance File: tebana Date: 01-03-1989
FILTER: None

Fost~hoo tests for factor C (CONC)

level Fean Lavel Mzan
1 2ER25. 000 ) FEE.EEE
- REEO, D00 7 281. 667
= 1926. 467

4 1118, 533
o 1081 . 867

Comparison Tukey—A%* Dunnett

1 2

1 » = 0.0100 2. 0100
1 > 4 0. 0100 G, 0100
I = 5 Q.0100 . O0.0100
1 * & 0. 0100 0.G100
i = 7 0. 0100 O, 0100
2 = 3 OL.O100 N.A.
2 ¥ 4 . 0100 N.A.
& x5 O, 0100 N.A.
2 » b O, 0100 N.A.
2 = 7 Q. 0100 N.A.
E x4 (. 0100 N.A.
x5 . 0100 N.A.
5 A . 0100 N. A.
5o 7 (. 0100 N.A.
4 = 5 N.A.
4 = 4 0. 0100 N.A.
4 = 7 0. 0100 N.A.
S+ b 0. 0100 N.A.
5 7 0.0100 N.A.
h = 7 Q. 0100 N.A.

# The only possihle FP-values are .01, .03 or .10 (up to 0.0500).
A blank msans the P-values is greater than 0.0500.

For Dunnett’'s test only the F-values .05 and .01 are possible
and only for comparisons with the control mesan {(level 1).
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Analysis of Variance File: tebana Date: 01-03-1989
FILTER: Nons
MN's, means and standard deviations based on dependent variable: INHIE

¥ Indicates statistics ars collapsed over this factor

Factors: C N Mean - B1OMASS g, p,
* 21 O, 0278 0.0162
i - Conhvol = 0. 0397 0. 0025
2 QA e/ 3 0. 0557 0.0012
T 0.2 = 0. Q357 0. 0006
4 1,32 3 0, 0267 0. 0015
5 2.2 3 0.0177 0. 0025
A = 3 "y AT 3 S18 ¥4
: =44 = t:) . (:) 1 23 0. <:;c_x,,._%
< 11.09 o 0, 0070 O, 0010
Fmax for testing homogeneity of between subiects variances: 19,00

-

Number of variances=s 7 df per variances 2

Analysis of Yariance Dependent variable: INHIE

Souroe df 85 (H) Ms5 F F

Botwaen Subjects 20
¢ (CONC) &
Subi w Groups 14

0. 0053
0. 0052
0. OO0

O, 0009 274,281
0, QOO0

0. DO00
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Analysis of Variance File: tebana Date: Q1-03-198%9

FILTER:

o

na

Fost-hoo tests for factor C (CONC)

Leval

0 by

Maan L.evel Maan
QL 040 & O, 012
O. 055 7 O, 007

G358
0. 027
0.018

Comparison Tukey—a% Dunnett

O L0 U e e Lod G £d BI ORI BRI R ORI e e b e e

SN NSNS D S

el Q, 0100 O, 0100
0O, 0100 0. 0100
0.G100 0. 0100
0, 0100 0. Q100
0, 0100 0,0100
O, 0100 N.A.
G, 0100 M.A.
Q. Q100 N.A.

G. 0100
O, 0100
O, 0100
G, 0100
0. 0100
0, 0100
0, 0100
0. 0100
Q.Q100
G, Q500
G.0100
0. 0300

=
s

L]
[

EE2BEZZZZZZZ2ZZ
P> DDDDD

The only possible P~values are .01, .05 or .10 (up to Q.0500).
A blank means ths P-value is greater than 0.03500,

For Dunnett’'s test only the P-values .05 and .01 are possible
and only for comparisons with the control mean (level 1).
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TABLE 3. INHIBITION OF Anabaena flos-aquae REPRODUCTION BY
TEBUTHIUiJN DURING THE LOGARITHMIC GROVTH PHASE
(DAYS O TO 3) AS MEASURED BY SPECIFIC GROVTH RATE.
STUDY J00489.

Average Analyzed

Specific

Tebuthiuron Grovth %atea Percent b
Concentration (mg/L) (day™ ") Inhibition
ND - 0.634 0.0
(Control) +0.020
0.31 0.615 3.0
+0.005
0.62 0.562% 11.4
+0.018
1.32 0.469% 26.0
+0.016
2.62 0. 480* 24.3
+0.014
5.49 0.451* 28.9
+0.029
11.05 0.370* 41.6
+0.012

* Significantly reduced compared to the control value (p<0.05).

a Mean + SD, n = 3.

vhere N = cell count (cells/ml),

R = specific growth rate (l/day),

t = time (days), and
= initial cell count (10 cells/ml).

No

b

where I
RR
c

Re

Calculated

R_-R

by the equétion: IR =

The growth rate of each replicate culture was
estimated vith the regression equation:

loglo(N) = Ret + loglo(No),

t « 100,

percent inhibition based Sn average specific grovth rate,

mean of the specific growth rates of three replicate

control cultures, and

mean of the specific growth rates of the three replicate '
cultures at each treatment level.
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TABLE 4. ALGAL CELL COUNTS AND BIOMASS OF Anabaena flos-aquae
POPULATIONS EXPOSED TO TEBUTHIURON FOR SEVEN DAYS.

STUDY JO0489. ’ '
Average Analyzed Cell Counts Algal Biomass
Tebuthiuron Og Day 7 On bay 7
Concentration (mg/L) (10~ cells/ml) (mg/ml)
ND 2325 o 0.040
{Control) + 108 +0.003
0.31 2360 0.056
+ 48 +0.001
0.62 © 1927+ 0.036%
+ 43 +0.010
1.32 1118% 0.027%
+ 29 +0.002
2.62 1052% 0.018+*
+ 16 +0.003
5.49 733% C 0.012"
+ 54 +0.002
11.05 282% 0.007*
+ 16 +0.001

2 Mean + SD, n=3. Measured as dry veight of algal
cells. .

*
Significantly reduced compared to the water control
(p£0.05).
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MRID No. 410804-02

DATA EVALUATION RECORD

CHEMICAL: Tebuthiuron.
Shaughnessey No. 105501.

TEST MATERIAL: Technical tebuthiuron (EL-103, compound
75503) ; chemical name: N-[5-(1,1-dimethylethyl)-1,3,4-
thiadiazol-2-yl]-N,N'-dimethylurea; Lot No. 729-AS7; 99.08%
active ingredient.

STUDY TYPE: Growth and Reproduction of Aquatic Plants --
Tier 2. Species Tested: Skeletonema costatum.

CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity
of Tebuthiuron to a Marine Diatom (Skeletonema costatum) in
a Static Test System. Laboratory Project No. J00389.
Conducted by Lilly Research Laboratories, Greenfield,
Indiana. Submitted by Elanco Products Company, MRID No.
410804-02.

REVIEWED BY:

Prapimpan Kosalwat, Ph.D. signature: ﬁ{ P{oSa)xu&ﬁ/
Staff Toxicologist

KBN Engineering and Date: M {o ) 1q90
Applied Sciences, Inc. z(’:i 57531?0

APPROVED BY:

Michael L. Whitten, M.s. Signature: M/p/b%’ :

Wildlife Toxicologist
KBN Engineering and Date: /-/0-%o
Applied Sciences, Inc. 17’C2W“&”

40
Henry T. Craven, M.S. signature:‘i?ﬁé’”ﬂ3£§k>67q

Supervisor, EEB/HED
USEPA Date:

CONCLUSIONS: This study is scientifically sound and

fulfills the guideline requirements for a Tier-2 growth and
reproduction test using a marine diatom. Based on the cell
counts on day 7, the EC25 and EC50 values of tebuthiuron. for
Skeletonema costatum were 0.036 and 0.067 mg/L mean measured
concentrations, respectively. Based on the cell counts and
biomass on day 7 and the calculated EC25, the NOEC value was
determined to be <0.036 mg/L mean measured concentration. ,
D’*—\j -5 Etso a-d{ €C2¢ valies wene Q;Of 9“"1( 0,03/ my/L’y(glvc;(»‘vc(Y.
RECOMMENDATIONS: N/A. '

9 l\rs;.
21



10.

11.

MRID No. 410804-02

BACKGROUND:

DISCUSSION OF INDIVIDUAL TESTS8: N/A.

MATERIALS AND METHODS:

A.

B.

Test Species: The marine diatom, Skeletonema costatum,
used in this test came from stock cultures maintained
at the testing facility. The original culture was
obtained from the Starr collection at the University of
Texas. Stock cultures were held in an environmental
chamber at a temperature of approximately 20°C under a
photoperiod of 16 hours of light and 8 hours of
darkness. The light intensity was approximately 4
klux.

The marine algal nutrient medium used in maintaining
stock cultures and testing was the Aquil medium
described by Morel et al., (1979). Procedures used to
prepare the nutrient medium were taken from Walsh
(1988). The pH of the medium was adjusted to
approximately 8.0 using NaOH or HCl.

Dosage: Seven-day growth and reproduction test.

Test System and Design: Test vessels were 500-ml
Erlenmeyer flasks, each containing 100 ml of an

appropriate test solution. Based on a pilot study,
seven nominal concentrations of tebuthiuron (0.002,
0.01, 0.02, 0.04, 0.08, 0.16, and 0.32 mg/L) and a
control were employed in the definitive test. Three
replicates were included at each treatment level and
the control. '

The test was initiated when an inoculum was added to
each flask, yielding a cell population density of
10,000 cells/ml. Each flask was capped with aluminum
foil to prevent contamination while allowing free gas
exchange. The flasks were placed in an environmental
growth chamber. The temperature, photoperiod, and
light intensity employed during the test were the same
as those used for culturing. The flasks were agitated
once a day to minimize clumping of cells. The location
of each flask in the growth chamber was randomized
daily.

A compound microscope and hemocytometer were used to
perform cell counts (cells/ml) on days 1, 2, 3, 4, 5,

2
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MRID No. 410804-02

and 7. The dry weight of diatom cells in each flask
was determined on day 7 as a direct measurement of the
biomass (mg dry weight/ml of test solution).

Test solution samples were collected at test initiation
and termination for tebuthiuron analysis, using high
performance liquid chromatography (HPLC). The samples
from treatment replicates at test termination were
filtered and pooled before the analysis. The
temperature and pH of each test solution were measured
at test initiation. At test termination, these
parameters were measured in each replicate test
solution. Total alkalinity, total hardness, and
conductivity of the aqueous nutrient medium were
determined on day 0.

statistics: To determine the no-observed-effect
concentration (NOEC), treatment responses (i.e.,
specific growth rates, cell counts on day 7, and
biomass on day 7) were compared to the control
responses using a one-tailed Dunnett's t-test. The
specific growth rate of each replicate culture was
determined as the slope of the growth curve during the
logarithmic phase using the following equation:

log (N) = (R x t) + log (Ng)

where: N = cell count (cells/ml),
R = specific growth rate (day’),
t = time (days), and
N, = 1initial cell count (10,000 cells/ml).

The percent inhibition of specific growth rate at each
tebuthiuron concentration was calculated using the
following equation:

I, = R._-R, X 100
RC
where: I; = percent inhibition based on specific
growth rate,
R, = mean of the specific growth rates of the
three-replicate control cultures, and
R, = mean of the specific growth rates of the

three-replicate cultures at each
treatment level.

The median effective concentration (EC50) and its
corresponding 95% confidence limits were determined by
a linear regression of percent inhibition versus the

3
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MRID No. 410804-02

logarithm of mean measured concentrations using SAS
program. :

REPORTED RESULTS8: During the test, the temperature remained

between 18.5 and 21.3°C in all solutions. However, the mean

temperature of all test solutions temporarily increased to
24.8°C at test initiation but was promptly adjusted to
20.5°C within 3.5 hours. The pH of treatment solutions
ranged from 7.9 to 8.1 and 8.4 to 8.7 at test initiation and
termination, respectively. The total hardness, total
alkalinity, and conductivity of the nutrient medium at test
initiation were >2500 mg/L as CaCO,;, 120 mg/L as CaCO,, and
23.4 mS/cm, respectively.

The tebuthiuron concentration at each treatment remained
relatively stable over the 7-day test period. The mean
measured concentrations were 0.0018, 0.0092, 0.018, 0.038,
0.076, 0.16, and 0.30 mg/L, representing 90 to 100% of the
nominal values.

Table 3 (attached) presents specific growth rates for the
control and each treatment level. The cell number increased
from 10,000 cells/ml to a mean of 195,000 cells/ml during
the first three days of the test. Therefore, this period
was considered a logarithmic phase. After day 3, growth
rates of the control cultures decreased, indicating a
transition into a stationary phase. No significant decrease
in specific growth rate relative to the control was observed
at mean measured concentrations of <0.038 mg/L. Specific
growth rates at test concentrations of >0.076 mg/L were
significantly (p < 0.05) lower than those of the control.
Based on the mean specific growth rate, the NOEC for
tebuthiuron was 0.038 mg/L.

Mean cell counts and biomass of the diatom at test
termination (day 7) are presented in Table 4 (attached). At
mean measured concentrations of <0.038 mg/L, the cell counts
on day 7 were not significantly reduced when compared to
those in the control. There was a significant decrease in
biomass at test concentration of 0.0092 mg/L when compared
to the control. However, the authors suggested that the
decrease was not dose-related since the biomass at two
higher concentrations (0.018 and 0.038 mg/L) were higher
than those in the control. Significant decreases in cell
counts and biomass were found between the control values and
those at concentrations of >0.76 mg/L. Based on the cell
counts and biomass at test termination, the NOEC for
tebuthiuron was 0.038 mg/L.

The authors stated that the biomass data might not be a

4
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reliable measure of standing crop for S. costatum. At the
three highest concentrations (0.076, 0.16, 0.30 mg/L), the
mean biomass values were between 69 and 74% of the control
value, while the mean cell counts at those levels were
between <4 and 27% of the control value. They suggested
that this discrepancy was probably due to the precipitation
of salts from the marine nutrient medium onto the filter
disks used for the determinations of the diatom dry weights.

The calculated values of growth inhibition for the control
and each treatment were shown in Table 3 (attached). The
percentage inhibition data at test concentrations of >0.018
were used to calculate the EC50 value. The EC50 determined
from a regression analysis was 0.101 mg/L with a 95%
confidence interval of 0.068 and 0.174 mg/L. The slope of
the regression line and the y-intercept were 59.39 and
109.09, respectively. The coefficient of determination (R?)
was 0.95.

STUDY AUTHOR'S CONCLUSIONS/QUALITY ASSURANCE MEASURES:
The NOEC of tebuthiuron for S. costatum was 0.038 mg/L.

When compared to the control cultures, specific growth
rates, cell counts, and biomass were significantly reduced
at test concentrations of >0.076 mg/L. Using the specific
growth rate during the logarithmic phase of reproduction as
an indicator of the diatom growth, the EC50 value with 95%
confidence limits was 0.101 (0.068-0.174) mg/L. The slope
of the dose-response curve was 59.39.

Several inspections had been conducted during the course of
the study by the Quality Assurance Unit of Lilly Research
Laboratories for compliance with the OECD GLP standards. A
GLP statement was included in the report.

REVIEWER'S DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

A. Test Procedure: The test procedure and the report were
generally in accordance with the SEP and Subdivision J
guidelines, except for the following deviations:

o The maximum label rate was not provided in the
report. Therefore, it could not be determined if the
concentrations tested were less than the maximum label
rate as though it were applied directly to the surface
of a 15-cm water colunn.

o The composition of the nutrient medium used in

culturing and testing should have been described in the
report.

27
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0 The EC25 value was not reported.

It was reported that each flask was capped with
aluminum foil to prevent contamination while allowing
free gas exchange. Foam or a wrapped cotton ball is
probably a better material for this purpose.

B. Statistical Analysis: The reviewer calculated EC50 and
EC25 values for each growth parameter using a
regression analysis. All calculations are attached.
The EC50 value based on specific growth rate (0.102
mg/L) was similar to that calculated by the author
(0.101 mg/L). However, the estimation based on the
cell counts yielded the lowest EC50 and EC25 (i.e.,
0.067 and 0.036 mg/L, respectively). Therefore, these
values should be used in the risk assessment of
tebuthiuron.

Analysis of variance (ANOVA) with a multiple comparison
(Dunnett's) test was performed on the day-7 cell count
and day-7 biomass to compare the values at each
treatment level to those of the control. The printouts
are attached. The results showed that test
concentrations of >0.076 mg/L significantly {(p = 0.01)
decreased the cell counts and biomass of S. costatum
when compared to the control values. This is the same
as those analyzed by the author, except the reviewer
did not find a significant decrease in biomass at
0.0092 mg/L. Since the raw data on specific growth
rate were not submitted, the ANOVA on this parameter
could not be verified.

c. Discussion/Results: This study is scientifically
sound. Based on the cell counts on day 7, the EC25 and
EC50 values of tebuthiuron for S. costatum were 0.036
and 0.067 mg/L mean measured concentrations,
respectively. Based on the decrease in cell counts and
biomass at tebuthiuron test concentrations of >0.076
mg/L and the calculated EC25 above, the NOEC was
determined to be <0.036 mg/L.

D. Adequacy of the Study:
(1) Classification: Core.
(2) Rationale: N/A.
(3) Repairability: N/A.
15. COMPLETION OF ONE-LINER: Yes, January 9, 1990.

6

27



29

’ TABLE 3. IMHIBITION OF Skeletonema costatus REPRODUCTION BY TEBUTHIUROM
_ DURING THE LOGARITHMIC GRCUTH PHASE (DAYS O TO 3) AS MEASURED
BY SPECIZIC GROVTH RATE. STUDY JOO389.

Average Analyzed’ Specific a :
Tebuthiuron Grovth Rate Percent b
L Coucentration (=g/L) (17day) Inhibition
&q . m 0.449 0.0
Cove . (Coatrol) +0.026 '
— X 344%  o.0018 0.435 3.2
+0.060
- XA 0362  0.0092 0.474 - -5.6
+0.036
— |- #4473  o.018 0.426 5.2
+0.049 ~
— 1. 4303 o.038 0.337 : 25.0
+0.052
~ L 19x  o.076 0.278" 8.1
' +0.064
—0.3959 0.16 0.125" 72.2
+0.101
— 0 .§239 0.3 0.125" 72.3
+0.160

¢ Significantly less than the control (p0.05).

2 gean + SD, n=3. The grovth rate of each replicate culture vas
estisated vith the regression equation: logm(l) =Rt logm(ﬁo).
vhere ll = cell count (cells/nl), -1 -

= specific gmdl rate (day ),
t = time (days), and
ll'o unm cell count (10 cells/ml).

b y lc’gt
Calcufafei'by the equatioa: I. - x 100,

. R
vhere :‘ - pe:cent inhibition based on specific grovth rate,

= mean of the specific grovth rates of the three replicate
‘contrel cultures, and

lt = mean of the specific grovth rates of tbe three replicate
cultures at each treztment level.

29
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TABLE 4. CELL COUNTS AND BIOMASS OF Skeletonema costatum POPULATIONS
- EXPOSED TO TEPJTHIURON FOR SEVEN DAYS. STUDY J0O389.

Average Analyzed ~ Cell Count

Tebuthiuron qn Day 7 Diatom Biomass®
Concentration (mg/L) (10™ cells/sml) On Day 7 (mg/ml)
e 7T
Leﬁi\ﬁ, " 257 oass /T
{Control) <15 +0.029 _
- 0.0018 U -3 0.133
L 4H4T ts 4 v | 4
— 2 622 0.0092 20 —9 0.123+« 1
350 ﬂom
— | . 4470018 308 —20 0.0 q
+38 £0.008
—|-#222 0.038 25 | 0.127 |
. 210 40.006
‘ L *
— L1l 0.076 70 0.106
L9 . _ +13 *3 +0.006 21
— O 31590.16 12" < 0.114"
# _; +13 T +0.012 2l
*
—0.52290.%0 <10 © o 0.110%
9 e N Slee 29

* Significantly less than the control (p.05).
2 Mean ¢ SD, n=3. Measured as dry veight of diatom ceils.
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EQUAT
+ 59,.239387 X

<

REGRESSION
Y= 108.8433

—y

i
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COEFFICIENT OF CORRELATION= .3764648

ACTUAL VERSUS ESTIMATED VALUES
X=L0G CONCENTRATION Y=PERCENT INHIBITION (EROWTH RATE)

DATA POINT X Y ESTIMATED Y ERROR

1 -1.7447 b 5. 393507 -. 3935083
2 -1.4202 25 24.63437 . 3656311
3 -1.1132 a8 42.48183 -4.481827
< -« 7959 72 61.65154 10.34847
9 -. 5229 72 77.8387¢ -5.83876

EC as - ©.0639 W\-@/L.
EEELSRD = O.lo2 "

Call Counis

REGRESSION EQUATION:
Y= 157.3149 + 91.56076 X

COEFFICIENT OF CORRELATION= .9037376

ACTUAL VERSUS ESTIMATED VALUES
X=L0OG CONCENTRATION] Y=PERCENT INHIEBITION (CELL COUNTS?

DATA PDINT X ) Y ESTIMATED Y ERROR

i —1.420? 1z 27.28035 -15. 28033
< —1.3192 73 94.84014 18.15986
3 —.73?9 .95 84.44173 10.55827
<4 —. 9229 96 109.4378- -13.43782

EC3s = ©.030 wylL
ECSo = 0.0L% Y



S. coeteadum

Bionmoas

REGRESSION EQUATION:
Y= 32.43329 + 7.747334 X

COEFFICIENT OF CORRELATION= .7317549

ACTUAL VERSUS ESTIMATED VALUES
X=LOG CONCENTRATION Y=PERCENT INHIBITION (BIOMASS)

DATA POINT X Y ESTIMATED Y ERROR
1 -2.7447 14 11.22753 2.772467
2 -2.0362 20 16.71694 3. 283058
3 -1.7447 9 18.397547 -39.975468
e =1.4202 18 21.48367 ~3.48967
9 -1.1132 31 £3.8218 7.178202
& -« 7959 26 £6.32671 ~-. 327059
7 - 8229 29 £8.44189 . 3581093

E@- 2AS e 0.0 M?IL

BEC o =~ I90.3%

v Emo,?.\a\d)



Analysis of Variance File: TERUIL Date: 01-08-1383
~FILTER: None
N'’s, means and standard deviations based on dependent variable: COUNTS

* Indicates statistics are collapsed over this factaor

Factors: C N Mean 5.D.
* = 188750. 0000 121341.3280
1 CﬁMArb\ 3 Z2Oe666. 6720 15275.2520
= .00\ Mql (R 2 345000, 0000 5000, 0000
3 & .oc0qn \ 3 Z80000. 0000 SO000. 0000
4 o.®|R v 3 308333. 3400 38188. 1230
3 e.o3% u 2 225000, 0000 10000. 0000
= ©.0% \ 3 70000, 0000 13228.75c8
7 o.1L W 3 15000, 0000 8660, 2533
8 0.0 W 3 10000, 0000 - Q. 0000

DRDDDODDRDDDDDDRDRDDDDDDDRDDODDDDDDRDRDDDDDDDRDDDDRDRDDDDDDDDDDRDDDDDDRDRDDRDDDDRDDDDD
Fmax for testing homogeneity of between subjects variances: Not defined
CDDRDDDDDDDDRDDDDRDDDDDDDDDDDDDDDDDDDDDDDDDRDDDDDRDDDDDRDDDDDDDDDDDDDDDDDDDDDDD

Analysis of Variance Dependent variable: COUNTS
Source df 55 CH) - MSS8 F P
Between Subjects Z3LIZICT7E2480000. 0000
C <CONCO 7A387623130000. 00002553755 33000, 0000 97.008 0.0000

Subj w Groups 1623133326300, 0000457083 2300. 0000

W)
N —



Analysis of Variance : File: TERUI1

FILTER: HNone

Post—huc-tests for factor C (CONCH

Level Mean

SN 5 B AN

ZOECEE.ET72
245000, Q00
EROOOD ., Q00
208333, 340

225000, 000

Comparison

!

ORNONOONOUONOUWEONGOOEROONTDOPR LR

SN T O T A O R AR G YR % /% ' U 70 B £ B S LR SO S DU Sl ol el el

Level Mean
& 70000000

7 15000, 000
8 10000.000

Dunnett
0. 0100

0.0100 € ©.0He W\%,L—
0.0100 % c.le “
0.0100% ©.30 .

N.A.

N.A.

N.A.

N.A.

N.A.

N. A.

N.A.

N. A.

N.A.

N.A&.

N.A.

N. A.

N.A.

N.A.

NeAe

N. A,

N.A.

Ne.A.

Na.A.

N.A.

N.A.

Date: 01-08-158%9

For Dunnett’s test only the P-values .03 and .01 are possible

and only for compariscns with the control mean

(level 12.



Analysis of Variance File: TeEoUTZ Date: ©01-08-1398%3
FILTER: None
N's, means and standard deviations based on dependent variable: BIOMASS

¥ Indicates statistics are collapsed over this factor

Factors: C N Mean S5.D.
* 24 0. 1260 0,0188
1 Cowkrel 3 0.1537 0. 0287
z o.00\& Malt 3 0.1330 0.0132
3 o .09 " 3 0.1233 0.0078
4 o.0l u 3 0. 1407 0. 0085
5 ©0.03% " 3 0.1273 0. 0061
e o.0% v 3 0.1063 0.0061
7 o.16 " 3 0.1137 0.0116
8 .30 ® 3 0.1103 0.0031
DRDDDDRDDDDDDDDDDDDDDPDDDRDPDDDDDDDDPDDDPDDDDDD DD DD PRDPDDDDDDDDDDDRDDDDDDDDDDDDD
Fmax for testing homogeneity of between subjects variances: 88.43
Number of variances= 8 df per variance= 2. :
DODDDDRDRRPRDDDDDDDDDDDDDDRRDDPDDRDDDDDRDDDDDDDDDDDDDDDDRDDIDDDDDDRDDDRDDDDRDDDDD
Analysis of Variance Dependent variable: BIOMASS
Source df 88 (H) MSS F P
Between SBubjects 23 0. 0082
C (CONC) 7 0. 0055 0. 0008 4,625 0.00353
Subj w Groups i& Q. 0027 Q. 0002

7



Analysis of Variance - : File: TERUTZ

FILTER:

None

Post-hoc tests for factor C (CONCH

Level

[ AR 3 B O

Co

RN EOEGENE NN AN X S AR

R AR TR L O O O S S N

Mean

O

. 154

0.133

Q.
4]
0O

par

Nt g RS NS W S Ny

o

RS

123
. 141
127

ison

NONONGONOAONTOULEONEWHEOONGO & WR

For Dunnett’s test only the P-values

Level Maan
& 0,108
7 O.114
=] 0.110

Dunnett

o

o [

\

0.0100
0.0100
0.0100
N.A.
N.A.
N. A.
N.A.
N. A.
N.A.
N. A.
N. A.
N. A.
N. A.
N. AL
N.A.
N. A.
N. A.
M. A.
N.A.
N. A.
N.A.
N. A.
N. A.
N. A,

{)' .

[} A

ek
o 0o©
6‘:‘

0% and

Date:

and only for compariscons with the control mean (level 10,

01-08-1383

.01 are possible



. tebuthiuron skeletonema S—-day

File: ai\skel Transform: NO TRANSFORM

ANOVA TABLE
SOURCE DF SS MS F
Between 7 300082.292 12868.899 43.188
Within (Error) 16 15883.333 992.708
Total 23 a1sees.e2s

Critical F value =
Since F > Critical

2.66 (0.05,7,16)

F REJECT Ho:All groups equal

tebuthiuron skeletonema 5-day
File: a:\skel Transform: NO TRANSFORM

DUNNETTS TEST - TABLE 1 OF 2 Ho:Control<{Treatment

TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 Q 210.000 210.000
2 291.667 291.667 -3.175
3 186.667 186.667 0.907
5 191.667 191.667 0.713
& 35.000 35.000 6.803 «*
7 3.333 3.333 8,034 «*
8 0.000 0.000 8.163 «*
(1 Tailed Value, P=0.05, df=16,7)
tebuthiuron skeletonema 5-day
File: a:\skel Transform: NO TRANSFORM
DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatment
'NUM OF Minimum Sig Diff % of DIFFERENCE
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 0 3
2 .0018 3 65.857 31.4 -81.667
3 .0092 3 65.857 31.4 23.333
4 .018 3 65,857 31.4 —-66.667
5 .038 3 65.857 31.4 18.333
6 076 3 65.857 31.4 175.000
7 .16 3 65.857 31.4 206,667
8 .3 3 65.857 31.4 210.000
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A PROBABILITY OF O MEANS THAT IT IS LESS THAN 0.001.
SINCE THE PROBABILITY IS LESS THAN 0.035, RESULTS CALCULATED
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED.

SLOPE = ’ 3.259342
95 PERCENT CONFIDENCE LIMITS =-.1

o5 CONF1I » = 0 AND 4,613237E-02
ek koK oK ok ok ok oK ok ok ok ok ok ok oK ok ke ok Kk ok ok ok sk ok ok ok 3K 5K oK ok ok ok oK 3k sk ok dl ke ok ok ke sk ok K K ok ok ok ok ok ok ok ok ok ok ok oK ok k sk ok oK ok ok ok

lewis tebuthiuran skeltanema 7-day :
s ok ok oK ok ok ok ok ok ok ok ok ok oK sk ok 3K ok ok ok K sk s ok sk kol ok 3 sk ok oK ok ok ok sk ok ok ok A ok ok ok ok ok sk ok Ok ok 3K sk kOk ok sk oK ok ok ok ok ok ok ok ok s ok K K

CONC. NUMBER NUMBER PERCENT BINOMIAL
EXPOSED DEAD DEAD PROB. (PERCENT)
.3 100 100 100 0
.16 100 25 25 0
074 100 73 73 6]
038 100 13 13 0
.018 100 0 0 0
. 0092 100 0 0 o)
.0018 100 o 0 0

THE BINOMIAL TEST SHOWS THAT .038 AND .076 CAN BE

USED AS STATISTICALLY SOUND CONSERVATIVE 93 PERCENT
CONFIDENCE LIMITS, BECAUSE THE ACTUAL CONMFIDENCE LEVEL
ASSOCIATED WITH THESE LIMITS IS GREATER THAN 95 PERCENT.

AN APPROXIMATE LCS50 FOR THIS SET OF DATA IS 5.900741E-02

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD

SPAN G LC30 95 PERCENT CONFIDENCE LIMITS
é 6.924388E-03 . 0594295 5.258654E-02
0675646

RESULTS CALCULATED USING THE PROBIT METHOD

ITERATIONS G H
GOODNESS OF FIT PROBABILITY
7 2.6735621E-02 1
.32243515
SLOPE = 4.83398

95 PERCENT CONFIDENCE LIMITS = 4.04327 AND 5.62469

ge S = 0.04%519%4%
PERCENT CONFIDENCE LIMITS = 5.714577E-02 AND 6.790111E-02

LIMITS = 2.929347E-02 AND 3.821183E-02
s Aok AOK KO oK K K oK sk kR ok ok ok ok oKk K ok ok ok ok sk ok sk ok koK s ok ok 3k ok ok ok ok ok ko ok ok ok skok ok sk sk ok sk ok skok sk sk kK ok sk sk Ok ok ok ok

o



lewis tebuthiuron cskeletonema S"
38k ke ek ke o oK 3 sk sk o ok o o 3 ok ke o ok sk ok ok ok ok ok ok K ok ok ok ok ke ok e o ok 3 o ok ok ok ok ke ke ke ke ke ok o o sk ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok K

CONC. NUMBER NUMBER PERCENT BINOMIAL
EXPOSED BDEAD DEAD PROB. (PERCENT)
.3 100 100 100 o)
.16 100 99 99 0
076 100 83 83 o
.038 100 9 9 0
.018 100 0 0 0
. 0092 100 11 11 0
.0018 100 0 o 0

BECAUSE THE NUMBER OF ORGANISMS USED WAS SO LARGE, THE 95 PERCENT
CONFIDENCE INTERVALS CALCULATED FROM THE BINOMIAL PROBABILITY ARE
UNRELIABLE. USE THE INTERVALS CALCULATED BY THE OTHER TESTS.

AN APPROXIMATE LCSO FOR THIS SET OF DATA IS 5.644687E-02

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD
SPAN G oS0 95
7.235287E-03 .

NFIDENCE LIMITS

RESULTS CALCULATED USING THE PROBIT METHOD
ITERATIONS G H

GOODNESS OF FIT PROBABILITY

7 . o 7989 .35.11741

o

o

o o 19




g

.05

slope = 3.259342 LC50 = 5.024897E-02 LC25 = ,
0312189 o.o%121¢?
slope = 4,83398 LC50 = 6.228613E-02 LC25 = . 045 1534)

4.319347E-02




"

H\e

MRID No. 410804-03

DATA EVALUATION RECORD

CHEMICAL: Tebuthiuron.
Shaughnessey No: 105501.

TEST MATERIAL: Tebuthiuron (EL-103, Compound 75503); N-[5-
(1,1-dimethylethyl)~-1,3,4~-thiadiazol-2-yl1l]-N,N'~-
dimethylurea; 99.08% active ingredient.

STUDY TYPE: Growth and Reproduction of Aquatic Plants,
Tier 2. Species Tested: Navicula pelliculosa.

CITATION: Negilski, D.S. and P.J. Cocke 1989. Toxicity of
Tebuthiuron to a freshwater diatom (Navicula pelliculosa) in
a static test system. Prepared and submitted by Lilly
Research Laboratories Division of Eli Lilly and Company,
Greenfield, IN. MRID No. 410804-03.

REVIEWED BY:

Debra S. Segal, M.S. Signature: iQilLuk ,b /il(avi
Associate Scientist 9 o -
KBN Engineering and Date: /—zg’ [

Applied Sciences, Inc. PM i . 5723/?0

APPROVED BY:

Michael L. Whitten, M.S. Signature: /”Alu/,(fahégzgr

staff Toxicologist
KBN Engineering and Date: /-/0-¢o
Applied Sciences, Inc.

Henry T. Craven, M.S. Signature: ‘:}¥évvﬁ§7f,é>4wtma
Supervisor, EEB/HED <]as 14
USEPA Date:

CONCLUSIONS8: This study is scientifically sound and

fulfills the guideline requirements for a Tier 2 growth and
reproduction of a non-target diatom test. Based on percent
inhibition of specific growth rate, the EC;, and EC,s were

0.193 and 0.111 mg/L, respectively. Based on diatom

biomass, the NOEC was 0.056 mg/L. )
Dy § Ecep avd EC2s vilees weve 0,08] ol 0,035 u, /L ”_,,,.“-Lwe‘y_
RECOMMENDATIONS: N/A.

BACKGROUND:

C?.5"ﬁr:‘
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MRID No. 410804-03

DISCUSSION OF INDIVIDUAL TESTS8: N/A.

MATERIALS AND METHODS:

A.

c.

Test Species: Navicula pelliculosa used in this test
came from stock cultures maintained at the Environmental
Toxicology Laboratory of Eli Lilly and Company.
Originally, a sample of this species (UTEX No. 644) was
obtained from the Starr collection at the University of
Texas. Stock cultures of Navicula pelliculosa were
grown in algal nutrient medium and housed in an
environmental growth chamber (Rheem-Shere, Model CEL 8).

Dosage: Seven-day growth and reproduction test.

Test System: Test vessels were 500-mL Erlenmeyer flasks
made of borosilicate glass. Each flask contained 100 ml
of solution. Exposure solutions were held at about 24
°Cc and continuously illuminated by a combination of wide
spectrum fluorescent, cool white fluorescent, and 100 W
incandescent bulbs at an intensity of approximately 4.3
klux at the surface of the solutions. Cultures were
held at approximately 24 °C and continuously illuminated
at 4.3 klux (85 uE/m’/sec). The algal nutrient medium
was prepared by adding 10.0 ml of each stock solution to
9.0 L of sterile water, and diluting to 10.0 L.

Test Design: Based on a seven-day study, seven nominal
concentrations of Tebuthiuron (0.0012, 0.011, 0.056,
0.11, 0.22, 0.46, and 0.89 mg/L) were selected for the
definitive test. Each treatment level consisted of
three replicates.

An initial tebuthiuron main stock solution was made by
adding 0.01006 g of test compound (corrected for purity)
to 1000 ml of aqueous nutrient medium. This solution
was mixed thoroughly with a mechanical stirrer.
Individual stock solutions at each exposure level were
made by adding the appropriate amounts of main stock
solution and aqueous nutrient medium to a 500-ml
Erlenmeyer flask.

A 1.0-ml sterilized pipette was used to transfer the
approprlate volume of diatom inoculum to each test flask
in order to achieve a cell population density of 10,000
cells/ml. Each flask was capped with aluminum foil to
prevent contamination while allowing free gas exchange,
and placed in an environmental growth chamber for seven
days. All flasks were agitated once a day to prevent

2
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MRID No. 410804-03

the cells from clumping together. The location of each
flask in the growth chamber was randomized on a daily
basis to avoid possible light "hot spots".

Samples were collected for tebuthiuron analysis at test
initiation from the treatment stock solutions that were
used to fill each replicate flask. At test termination
(day 7), samples were collected by filtering each test

solution through a 0.7-um glass-fiber membrane filter to
remove algal cells. Filtrates from treatment replicates
were pooled and submitted for analysis of tebuthiuron.

The tebuthiuron was extracted from the test solutions by
liquid:liquid partition using dichloromethane. The
dichloromethane was removed from the extracts and the
residues redissolved in appropriate volumes of mobile
phase. Tebuthiuron was measured using high performance
liquid chromatography.

Reproduction in the diatom cultures was determined by
quantifying cell populations on days 1, 2, 3, 4, 5, and
7. A compound microscope and hemocytometer were used to
enumerate the diatom cells. Cell counts were expressed
as number of diatom cells per milliliter of solution
(cells/ml). Prior to making cell counts, diatom cells
were removed from the sides and bottom of each test
vessel. This was accomplished by rubbing the sides and
bottom of each vessel with a piece of split tygon tubing
that was slowly rotating on the end of a mechanical
mixer shaft. To obtain a direct measure of diatom
biomass, dry weight of the diatom cells in each flask
was determined on day 7. A measured volume of solution
from each flask was passed through a preweighed glass-
fiber filter. Each filter was dried at 105 °C for 24
hours and reweighed. Dry weight of the diatom cells was
determined by calculation and expressed as milligrams of
dry weight per milliliter of test solution (mg/ml).

Statistics: A one-tailed Dunnett's t-test was used to
detect treatment responses that were significantly
different (p<0.05) from those of the control. To define
the no-observed-effect concentration (NOEC), individual
Dunnett's t-tests were performed on specific growth
rates, on diatom cell count data from day 7, and on the
diatom biomass data obtained from dry welght "
measurements on day 7. The specific growth rate of each
replicate culture was determined as the slope of the
growth curve (cell count versus time) during the

§
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MRID No. 410804-03

logarithmic phase of algal reproduction (days 1 to 7) using the
following regression equation:

i2.

log,,(N) = Rt + log,q(No), where

N = cell count (cells/ml),
R = specific growth rate (day™),
t = time (days), and

N, = initial cell count (10‘ cells/ml).

The median effective concentration was defined as the
concentration of tebuthiuron that caused 50% inhibition
of the specific growth rate of treated diatom
populations. The percent inhibition of specific growth
rate at each tebuthiuron concentration was calculated
with the following equation:

R.~R,
Ip = =vo—=- X 100, where
R,
I; = percent inhibition based on specific growth rates,
R, = mean of the specific growth rates of three
replicate control cultures, and
R, = mean of the specific growth rates of the three

replicate cultures at each treatment level.

A linear regression of percent inhibition versus the
logarithm of the average analyzed tebuthiuron
concentration was used to obtain the median effective
concentration. The 95% confidence interval around the
regression line was generated using SAS, and a graph of
the regression line and associated confidence limits was
obtained. The 95% confidence limits for the median
effective concentration (EC,,) were obtained by graphic
interpolation. ’

REPORTED RESULTS:

No significant decrease in specific growth rate relative
to the control was observed at mean tebuthiuron
concentrations <0.11 mg/L (Table 3; attached). At
tebuthiuron concentrations >0.22 mg/L, specific growth
rates were significantly lower than those of the
control.

Diatom cell counts on day 7 were not significantly
reduced relative to the control at mean tebuthiuron
concentrations <0.11 mg/L, but were significantly

Z§w
|
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MRID No. 410804-03

redyced at concentrations >0.22 mg/L (Table 4;
attached). :

No treatment-related reductions in biomass were observed
at average analyzed tebuthiuron concentrations <0.056,
whereas significant decreases in diatom biomass were
observed at concentrations of 0.11, 0.22, 0.46, and 0.89
mg/L. Although a statistically significant decrease in
diatom biomass was detected at the 0.0012 mg/L
treatment, this change did not appear to be dose-
related, as the two higher exposure levels (0.011] and
0.056 mg/L) showed no significant decrease in biomass
relative to the control. Based on terminal diatom
biomass, the NOEC concentration for tebuthiuron was
0.056 mg/L.

The biomass data from this study suggest that terminal
dry weight determination may not be a reliable measure
of standing crop for N. pelliculosa. At the three
highest tebuthiuron concentrations the measured diatom
biomass values were 50% of the control value; however,
diatom cell counts (Table 4) indicate that these
treatments contained only 1 to 15% as many cells as
measured in the control. While the reason for this
discrepancy was not firmly established, precipitation of
salts from the nutrient medium onto the filter disks
used to collect the diatom cells may have interfered
with the dry weight determinations.

Using the logarithm of the average analyzed tebuthiuron
concentration and the percent inhibition data for
tebuthiuron concentrations, a linear regression model
estimated the median effective concentration of
tebuthiuron to be 0.213 mg/L with 95% confidence limits
of 0.155 and 0.282 mg/L (Table 3; attached).

STUDY AUTHOR'S CONCLUSIONS/QUALITY ASSURANCE MEASURES:
Results from this study indicated that the NOEC
concentration of tebuthiuron for the freshwater diatom,
Navicula pelliculosa, was 0.056 mg/L. Terminal diatom
biomass was the most sensitive indicator of toxicity as
this parameter was significantly reduced relative to
control cultures at tebuthiuron concentrations >0.11
mg/L. The median effective concentration (EC;) was
determined to be 0.213 mg/L.

A GLP compliance statement was included in the report and
the study was audited by Lilly research Laboratories'

Quality Assurance Unit. A statement of quality assurance
was included in the report, indicating that the study was

5
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MRID No. 410804-03

conducted in accordance with U.S. EPA Good Laboratory
Practice Standards.

REVIEWER'S DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

A.

Test Procedure: The test procedure and the report were
generally in accordance with the SEP and Subdivision J
guidelines, except for the following deviations:

o The maximum label rate was not provided in the
report.

o A 25% detrimental effect level was not provided in
the study although it was calculated by the reviewer to
be 0.111 mg/L.

o The test design states that "each flask was capped
with aluminum foil to prevent contamination while
allowing free gas exchange". Although the SEP does not
state that aluminum foil cannot be used, it seems that
aluminum foil would prevent free gas exchange.

Statistical Analysis: The reviewer calculated the EC50
value using linear regression by plotting the log of
mean measured concentration against the percent
inhibition of specific growth rate expressed as probits
(attached) and determined it to be 0.193 mg/L rather
than 0.213 mg/L calculated by the study authors. The
NOEC was calculated by the reviewer using both cell
count and biomass and determined to be 0.11 mg/L for
both parameters rather than the 0.056 mg/L reported by
the study authors.

Discussion/Results: The discrepancy in the 7-day EC50
value of tebuthiuron for N. pelliculosa (0.193 vs.
0.213) does not appear substantial. Although the
reviewer calculated the NOEC to be 0.11 mg/L rather than
0.056 as reported by the study authors, the lower value
is accepted as the most conservative NOEC.

Adequacy of the Study:

(1) Classification: Core

77



MRID No. 410804-03

(2) Rationale: Although the test procedures deviated
from the guidelines, the reviewer does not believe
they significantly affected the validity of the
toxicity results.

(3) Repairability: N/A

15. COMPLETION OF ONE-LINER: Yes, 01-05-90.



S. STORE DATA — ' - ,
6. GO TO PROGRAM MENU Telouthivron - Navicole petliculose

7. DO ANOTHER REGRESSION

OFTION T 4
Novicudo
REGR'SQ%@
Y= 7.0048%

COEFFICIENT OF CORRELATION= ,9455159

FRESS ENTER TO CONTINUE.?
ACTUAL. VERSUS ESTIMATED VALUES
X=logconc Y=probit

DATA FOINT X Y ESTIMATED Y ERROR

1 -2. 921 0 -1.180367 1.180567

2 -1.959 0 1.515062 -1.515062

= -1.282 3.36 3. 496154 -+ 1361542

4 -. 939 4.16 4.317172 . ~. 1871722

S -. 638 S.1 J. 160607 ~6. D606FEE-02
b6 - 357 5.52 6. 060084 ~. 5400844

7 -, 051 8.09 6.861487 1.228313
FRESS ENTER TO CONTINUE®?

e

=Cso | - bklax

%ﬁ = (.004295 + 2,302\ ¢
L\j =433

% = $.0

£= (5070393 [2.302 X = (4.33-7.0434) /z‘. 3021
v= -015 L= .,04754f
i nV. \03 - 0. |q3 W, \05: O.I_H

| gCas= 0. mg/L
€lso =.09.1a3 M3/ L



Tebukhioren - Navicwlon pdﬁwlas&

NOEC - 2L coun+t
Analysis of Variance File: tebnav Date: 01-0Z-1989
FILTER: None
N's, means and standard deviations based on dependent variable: COUNT

* Indicates statistics are collapsed over this factor

Factors: C N Mean - cal | S.D.
* 24 336, 4583 Cound 263, 2468
1 Contref = 540. 0000 74.6659 -
2 0.0012 ™oL 3 L S01.b&ET 88.0814
I 0.0\ T3 Z0. 0000 190.1973 - &
4 0.05( 3 Sbl.6667 123.4234
5 o.\4 3 350, 0000 112.5833
& .22 3 80. 0000 18.0278 -
7 0406 3 21.6667 7.6376
8 0.39 = b.bbeET 2.8848
Fmax for testing homogeneity of between subjects variances: 4341.00
Number of variances= 8 df per variance= 2.
Analysis of Variance Dependent variable: COUNT
Source df 88 M MSS F F
Between Subljects 23 1593874, 0000
C (COND) 7  1438257.3800 203465.3440 21.125 0.0000
Subj w Groups ié6 1556146, 62350 @726.0321




NOEC~

Q0 coount

Analysis of Variance

FILTER: None

Fost—-hoc tests for factor C (COND)

L.e

o ke <

m
f

Com

D N S I - S U IR IR U IR I S I A S IV il

Mean
540, 000
S01.667
L0, 000
561.667
EE0.000

parison

o,

DONONTONCUONCUMPONDIMREHONEUNRWR

L.evel Mean
é 80, 000
7 21.667
8 b, bET

Tukey—A% Dunnett

O,.0100 O, Q100

0.0100  0.0100
0.0100  0.0100
N.A.

N.A.

N.A.

0. 0100 N.A.
0.0100 N.A.
0.0100 N.A.
N.A.

0. 0500 N.A.
£.,0100 N.A.
*0.0100. " N.A.
Coxe “?N- A.

T NeA

N.A.

N. A.

0.0100 N.A.
' N.A.

0, 0500 N.A.
0. 0500 N.A.
N.A.

N. A.

N.A.

File:

tebnav

Date:

01-03-198%9

* The only possible P-values are .01, .05 or .10 (up to 0.03500).
A blank means the F-value is greater than 0.0500.

For Dunnett‘s test only the F-values .05 and .01 are possible

and only for comparisons with the control mean

(level 1).
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NOEL - lkaiomass
Analysis of Variance

FILTER: None

File: tebnav Date: Ql1-03-1989

N's, means and standard deviations based on dependeht variable: BIOMASS

* Indicates statistics are collapsed over this factor

Factors: C N Mean ~ hiamwes S.D.
* 24 Q.0125 0.0041
1 cendtrR s 0.0187 0.0042
2 0001 3 0.0120 0.0026
I 0.0 -3 0.0153 0. 0042
4 0.054 3 0.01350 0.0020. *
S o 3 0.0127 0.0Q12 E
& 022 3 0.0093 0.0025
7 046 = 0.0087 0.0021
8 0.9 3 0.0083 0.0015
Fmax for testing homogeneity of between subjects variances: 13,00

Number of variances= 8

df per variance= 2.

Analysis of Variance

Source df
Between Subjects 23
C (CONG) : 7

Subj w Groups 16

Dependent variable: BIOMASS

88 (H)
0. 0004
Q. 0003
Q. 0001

<
%

i

M&S F F

0.0000 S.180 0.0031
Q. 0OO0O00



NYOE € - otoma.ss

Analysis of Variance File: tebnav Date: 01-03-198%9
FILTER: MNone

Fost—-hoc tests for factor C (COND)

l.evel Mean Level Mean
1 0.018 & 0. 009
2 Q.012 7 0. 009
3 0,015 8 Q. 008
4 0015
S 0.0132

Comparison Tukey—-A% Dunnett

0. 0500 0.0100
0. 0100 0.0100
0.0100 0.0100
N.A.
N.A.
N.A.
N.A.

DRI

DONONCONPAONTCAPLPONCARWONO RN

ST LY

NOCOCUUUNS DDA d MMM MREE S = e

* The only possible FP-valuess are .01, .05 or .10 (up to 0.0500).
A blank means the F-value is greater than 0.03500. /_2/

For Dunnett’'s test only the P-values .05 and .01 are possible
and only for comparisons with the control mean (level 1). jfi?
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TABLE 3. INHIBITION OF Navicula pelliculosa REPRODI!CHON BY TEBUTHTURON
DURING THE LOGARITHMIC GROVIH PHASE (DAYS 1 TO 7) AS MEASURED
BY SPECIFIC GROVTE RATE. STUDY JO0888.

Average Analyzed Speciﬂc a
Tebuthiuron Grovth Percent b
Concentration (=g/L) (day~ ) Inhibition
ND 0.302 0.0

(Coptrol) +0.003 »

0.0012 0.304 -0.9
20.044

0.011 0.304 -0.8
+0.041

0.056 ’ 0.285 5.4
+0.031

0.11 0.243 19.6
_00.0“

0.22 - 0.138" 54.1

' +0.052 .

0.46 0.090" _ 70.2
+0.049

0.89 -0.029"* 109.5
+0.053

* Significantly less than the control (p 0.05).

2 Mean + SD, n=3. The grovth rate of each replicate culture vas
estimated vith the regression equation: log,,(N) = R-t « logw( )
vhere N = cell count (cells/=ml), -1

= specific gtovth rate (day ),
t = time (days), and
0 = initial cell count (10 cells/nl).

b BR.Re '
Calculated by the equation: IR = " x 100,
vhere I, = percent inhibition based &n specific grovth rate,
R” = mean of the specific grovth rates of the three replicate
control cultures, and :
Rt = mean of the specific growth rates of the three replicate
cultures at each treatment level.

31
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TABLE 4. CELL COUNTS AND BIOMASS OF Navicula pelliculosa PNPULATIONS

EXPOSED ‘rox TEBUTHIURON FOR SEVEN DAYS. STUDY JO0OS88. .
Average Analyzed Cell Count
Tebuthiuron Day 7 Diatom Biomass®
Concentration (mg/L) (10~ cells/ml) On Day 7 (mg/ml)
ND 540 - 0.018
(Control) +75 +0.004
~ 0.0012 - 502 0.012«%
+88 +0.002
~ 0.011 630 0.016
. +190 +0.004
0.056 562 0.015
+123 +0.002
*o.n 350 0.012*
+113 +0.001
- 0.22 80" " 0.009%
+18 +0.003
" 0.46 22* " 0.009"
+8 +0.002
- 0.39 7 0.009%
+3 +0.001

* Significantly less than the control (p<.05).

2 Mean + SD, n=3. Measured as dry veight of diatom cells.

32
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jewis tebuthiuron navicula S-day mmewn. cell coeots
ok ok ok ok ok Kk kK ok ok ok K K ok ok ok ok R Ok A ROk K kok ok ok ok sk ok ok ok koo ok ok ok o ok ok ok ok sk sk ok e ok Ak ok ko kK ok ok K ok ok ok k ok ok ¥

CONC. NUMBER NUMBER : PERCENT BINOMIAL
EXFOSED DEAD DEAD PROB. (PERCENT)
' 39 100 93 93 0
46 100 S0 20 0
W22 100 79 ‘ 7% 8
.11 100 72 72 0
.05¢ 100 41 41 ¢
11 100 0 0 0
0012 130G - Q 0 0

BECAUSE THE NUMBEFR OJF ORGANISMS USED WAS SO LARGE, THE 95 PERCENT
CJNFLDENCE INTERVALS CALCULATED FROM THE BINOMIAL PROBABILITY ARE
UNRELIABLE. USE THE INTERVALS CALCULATED BY THE OTHER TESTS.

AN AFPROXIMATE LCS0 FOR THIS SET OF DATA IS 6.7835353E-C2

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD

SPAN G LC50 95 PERCENT CONFIDENCE LIMITS
5 3.632219E~02 £7.291239E-01
5.808836E-02 9.041556E-02

RESULT CALCULATED USING THE PROBIT METHOD

TERATIONS G H
GDOD“E:S OF FIT PROBABILITY
5 . 1265597 3.883811

1.605292E-03

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED.

SLOPE 1.836442
25 PER! ENT CONFIDENCE LIMITS = 1.183124 AND 2.489761

LCS0 = 8.135473E-02 0.0 ¥135 ws/L Le¢ 600319
95 PERCENT CONFIDENCE LIMITS = 4.896101E-02 AND .1221135

LC1O = 1.655115E-02
95 PERCENT CONFIDENCE LIMITS = 5.064382E-03 AND 3.080127E-02
sk ok K ok ook ok ok ok koo ok ok sk Kk ok ok oKk ok ok K Kok K K ok K sk Kk ok f K ok sk ok sk ok ok ok ook ok sk okok sk ok ok sk ok ok ok Kk koK Kk ok ok Ok



lewis tebuthiuron Navicula 7-dav

A g asn Le&i i S
A o ok ok ok ok %k ok ok o ok ok ok ok sk Rk sk R ok 3k ok ok Ok ok ok ok ok ok ok sk ok Rk K sk ok sk ok ke sk ok ok ok ke ok R ok ok ok K ok ok ok R kb ok Ok ok K & K ok ok ok kK

CONC. NUMBER NUMBER PERCENT BINOMIAL
EXPOSED DEAD DEAD PROB. (PERCENT

.89 100 99 99 0

.46 100 96 9 0

22 100 85 A 85 0

11 100 35 35 0

056 100 0 » 0 0

011 100 0 0 0

L0012 100 -7 . 7 0

BECAUSE THE NUMBER OF ORGANISMS USED WAS SO LARGE, THE 9% PERCENT
CONFIDENCE INTERVALS CALCULATED FROM THE BINOMIAL PROBABILITY ARE
UMRELIABLE. WUSE THE INTERVALS CALCULATED BY THE OTHER TESTS.

AM APPROXIMATE LCSC FOR THIS SET OF DATA IS .1337974

RESULTS CALCULATED USING THE MOVING AVERAGE METHOD

SPAN G LCSG ‘ 95 PERCENT CONFIDENCE LIMITS
& 1.33983%2E-02 » 1156757 ?.711392E-02
1377568

RESULTS CALCULATED USING THE PROBIT METHOD :
ITERATIONS G H )
GOODNESS OF FIT PROBABILITY
¢ 13.75014 406.3581
O
/& PROCBABILITY OF O MEANS THAT IT IS LESS THAN 0.001.

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED.

SLOPE = 1.764474 -
25 PERCENT CONFIDENCE LIMITS =-4.778404 AND 8.307351

LSO = 1128532 ws/L ECrS  * 0,04b%"
95 PERCENT CONFIDENCE LIMITS = O AND +INFINITY

LC1O = 2.151557E-02
25 PERCENT CONFIDENCE LIMITS = O AND +INFINITY
sk sk ok ok R ok o kol 0k Rk ok ok ok K ok ROK R R OK KK KOk Ok Ok oK ROK K ok sk ok sk otk sk ok skok K skok kR ROk sk ok ok Ok Kok ok ko Ok



TITLE: navicula 5-day
FILE: as\navic
TRANSFORM: NO TRANSFORM NUMBER OF GROUPS: 8

e e e S e . e i s S 0t o . e, i b o i, it . T o S S i " . . g, S S i, S, b, S T A e . . S . . . . S oy . e i S s . i e i e e e, i .

"GRP IDENTIFICATION REP VALUE TRANS VALUE
1 0 1 135.0000 135.0000
1 0 2 215.0000 215.0000
1 0 3 120.0000 190.0000
2 0012 1 265.0000 265.0000
2 .C012 2 195.0000 195.0000
2 .0012 3 145.0000 145.0000
3 .0011 1 200.0000 200.0000
3 .0011 2 200.0000 200.0000
3 .0011 3 300.0000 300.0000
4 + 056 1 115.0000 115.0000
4 036 2 120.0000 120.0000
4 + 056 3 85.0000 835.0000
5 .11 1 70.0000 70.0000
5 .11 2 55.0000 55.0000
5 .11 3 25.0000 25.0000
6 .22 1 55.0000 55.0000
6 ' 22 2 25.0000 25.0000
6 .22 3 30.0000 30.0000
7 46 1 10.0000 10.0000
7 46 2 15.0000 15.0000
7 46 3 3¢. 0000 30.0000
8 ' 89 1 5.0000 5.0000
8 .89 2 30.0000 30.0000
8 .89 3 5.0000 5.0000

navicula S-day

File: at\navic Transform: NO TRANSFORM
SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 1 of 2
GRP IDENTIFICATION N MIN MAX MEAN
1 0 3 135.000 215.000 180.000
2 .0012 3 145.000 265.000 201 .667
3 .0011 3 200.000 300.000 233.333
4 056 3 85.000 120.000 106.6467
5 11 3 25.000 70.000 50.000
6 .22 3 25.000 55.000 36.667
7 .46 3 10.000 30.000 18.333
8 .89 3 5.000 30.000 13.333
navicula S-day
File: at\navic Transform: NO TRANSFORM .
SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2 , \ 1
—————————————————————————————————————— f“‘“-“““““%%f}‘"““"‘
GRP IDENTIFICATION VARIANCE SD SEM



navicula S-day
FFile: ai\navic Transform: NO TRANSFORM

SUMMARY STATISTICS ON TRANSFORMED DATA TABLE 2 of 2

-———--—-———......____.—_.—..‘— — .~ —— o ‘s S . " o o S - —— o Sl o o o S i O - o S o A o S B e o —

GRP IDENTIFICATION VARIANCE sh SEM

1 0 1675.000 40.927 23.629
2 .0012 3633.333 60.277 34.801
3 . 0011 3333.333 57.735 33.333
4 . 056 358.333 18.930 10.929
5 .11 3525.000 22.913 13.229
6 .22 258.333 16.073 9.280
7 46 108.333 10.408 6.009
8 .89 . 208.333 14.434 8.333

navicula 5-day
File: a:Znavic Transform: NO TRANSFORM

ANOVA TABLE

S50URCE DF SS MS F

Between 7 1es1s0.000 23592.857  18.687
Within (Error) 16 20200.000 1262.500

Total 23 18ssso.c00

Critical F value = 2.66 (0.05,7,16)
Since F » Critical F REJECT Ho:Al1l groups equal

navicula S5-day

File: a:\navic Transform: NO TRANSFORM
DUNNETTS TEST - TABLE 1 OF 2 Ho:Contral<{Treatment
TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 0 180.000 180.000
3 L0011 233.333 233.333 -1.838
4 . 056 106.667 106.667 , 2.528
5 11 50.000 50.000 4.481 «*
6 22 36.667 36.667 4.941 %
7 46 18.333 18.333 5.573 «x
3 .89 13.333 13.333 5.745 *
Dunnett table value = 2.56 (1 Tailed Value, P=0.05, df=16,7)

- le




navicula S-day

File: a:\navic Transform: NO TRANSFORM
DUNNETTS TEST - T&BLE 1 OF 2 Ho:Control<Treatment
. TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 0 180.000 180.000
2 0012 201.4667 201.667 -0.747
3 .0011  283.333 233.333 -1.838
4 056 106.667 106.667 2.528 ——
5 —Tr  50.000 50.000 47481 *
6 22 36.667 36.667 4.941 %
7 A6 18.333 18.333 5.573 %
3 .89 13.333 13.333 5.745 *
Dunnett table value = 2.56 (1 Tailed Value, P=0.05, df=16,7)
navicula 5-day '
File: at\navic Transform: NO TRANSFORM A
DUNNETTS TEST - TABLE 2 OF 2 Ho:Control<Treatment
NUM OF Minimum Sig Diff % of DIFFERENCE
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 0 3
2 0012 3 74,269 41.3 -21.667
3 L0011 3 74.26% 41.3 -53.333
4 .056 3 74.269 41.3 73.333
5 .11 3 74.269 41.3 130.000
6 .22 3 74.269 41.3 143.333
7 46 3 74,269 41.3 161.667
8 .89 3 74,269 41.3 166.667

2]

61



“slope =
© 3.493554E-02

zlope =
4.681856E-02

1.836442 LC50
1.764474 LCSO

.08135 LC25 =
. 1128533 LC25 =

o.63yq

0.046%

VRN

72



e

MRID No. 410804-04

DATA EVALUATION RECORD

CHEMICAL: Tebuthiuron.
Shaughnessey No. 105501.

TEST MATERIAL: Technical tebuthiuron (EL-103, compound
75503) ; chemical name: N-[5-(1,1~-dimethylethyl)-1,3,4~
thiadiazol-2-yl]-N,N'~dimethylurea; Lot No. 729-AS7; 99.08%
active ingredient.

STUDY TYPE: Growth and Reproduction of Aquatic Plants --
Tier 2. Species Tested: Lemna gibba.

CITATION: Negilski, D.S. and P.J. Cocke. 1989. Toxicity
of Tebuthiuron to Duckweed (Lemna gibba) in a Static Renewal
Test System. Laboratory Project No. J00588. Conducted by
Lilly Research Laboratories, Greenfield, Indiana. Submitted
by Elanco Products Company, MRID No. 410804-04.

REVIEWED BY:

Prapimpan Kosalwat, Ph.D. Signature: ‘P Kawmd‘/
Staff Toxicologist
KBN Engineering and Date: \0’ Q%0

Applied Sciences, Inc.

APPROVED BY:

Wildlife Toxicologist

KBN Engineering and Date: /</0-90

Applied Sciences, Inc.

Henry T. Craven, M.S. S8ignature: - /
Supervisor, EEB/HED V) 5”5%5,
USEPA Date:

CONCLUSIONS: This study is scientifically sound and
fulfills the guideline requirements for a Tier-2 growth and
reproduction test using an aquatic macrophyte. Based on the
day-14 biomass, the EC25 and EC50 values of tebuthiuron for
Lemna gibba were 0.066 and 0.135 mg/L mean measured
concentrations, respectively. Based on the frond counts,
plant counts, and biomass on day 14 and the calculated EC25,
the NOEC value was determined to be <0.066 mg/L mean
measured concentration.

RECOMMENDATIONS: N/A.

g L\r;’:_

o 1
G

IS 3/22) 5
f, ;
Michael L. Whitten, M.S. Signature: W / Ar%—
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MRID No. 410804-04

BACKGROUND:

DISCUSSION OF INDIVIDUAL TESTS: N/A.

MATERIALS AND METHODS:

A.

B.

C.

Test Species: Lemna gibba G-3 used in this test were
obtained from stock cultures maintained at the testing
facility. The plants were derived from an initial
clone provided by Dr. Elaine Tobin of the Biology
Department at the University of California at Los
Angeles. Stock cultures were grown in a nutrient
medium and housed in an environmental growth chamber.
The cultures were held at about 25°C and continuously
illuminated at approximately 5 klux.

The aqueous nutrient medium used in maintaining stock
cultures and testing was the E medium described by
Cleland and Briggs (1967). The E medium is equivalent
to the M medium of Hillman (1961) modified by the
addition of EDTA. The composition of the medium is
included in the report. Sucrose was noted as not being
included in the medium. The pH of the medium was
adjusted to approximately 5.0 using KOH or HCl.

Dosage: Fourteen-day growth and reproduction test.

Test System and Design: Based on a pilot study, seven
nominal concentrations of tebuthiuron (0.005, 0.01,
0.05, 0.1, 0.2, 0.4, and 0.8 mg/L) and a control were
employed in the definitive test. Three replicates were
included at each treatment level and the control. To
ensure the nutrient availability and to maintain stable
tebuthiuron exposure concentrations, the test solution
in each vessel was renewed on days 4, 8, and 11.

Test vessels were 600-ml beakers, each containing 300
ml of an appropriate test solution. Initially, a sheet
of clear Plexiglas (1/8-inch thick) was placed over the
test vessels in an effort to retard evaporation of the
solutions. However, by test day 4, approximately 30%
of each test solution had evaporated. This problem was
remedied by replacing the Plexiglas with the bottom
half of a plastic Petri dish. Evaporation was
negligible over the remainder of the study.

as



MRID No. 410804-04

The test was initiated when three 3-frond plants were
randomly distributed to each beaker. The plants
floated on the surface of each solution. At test
initiation, each vessel was randomly assigned a
position in the growth chamber. On each successive
test day, the vessels were systematically moved one
position in the growth chamber. The temperature and
lighting conditions employed during the test were the
same as those used for culturing.

The number of fronds and plants in each replicate
vessel was counted on days 2, 4, 7, 9, 11, and 14.
Every frond visibly projecting beyond the edge of the
parent frond was counted. The dry weight of the plants
in each vessel was determined on day 14 to obtain a
direct measure of the duckweed biomass.

At test initiation and on solution-renewal days (days
4, 8, and 11), samples of the fresh (new) test
solutions were collected. The old test solutions were
collected on days 4, 8, 11, and at test termination by
pooling approximately 33-ml aliquots from the three
replicates at each treatment level. All samples were
analyzed for tebuthiuron, using high performance liquid
chromatography (HPLC).

The temperature and pH of each new test solution were
measured at test initiation and on renewal days. The
measurements were also performed in each old solution
on renewal days and at test termination. Total
alkalinity, total hardness, and conductivity of the
aqueous nutrient medium were determined at test
initiation.

Statistics: To determine the no-observed-effect
concentration (NOEC), treatment responses (i.e.,
specific growth rates, frond and plant counts from day
14, and biomass on day 14) were compared to the control
responses using a one-tailed Dunnett's t-test. The
specific growth rate of each replicate culture was
determined as the slope of the growth curve (frond
count versus time) during the logarithmic phase using
the following equation:

()
0
Q

(N) = (R x t) + log (Ng)

frond count,

specific growth rate (day™),
time (days), and

initial frond count (9 fronds).

2t 02
U

o

3
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The percent inhibition of specific growth rate at each
tebuthiuron concentration was calculated using the
following equation:

Iz = R._—-R, x 100
R,
where: I; = percent inhibition based on specific
growth rate,
R, = mean of the specific growth rates of the
three-replicate control cultures, and
R, = mean of the specific growth rates of the

three-replicate cultures at each
treatment level.

The median effective concentration (EC50) and its
corresponding 95% confidence limits were determined by
using a linear regression of percent inhibition versus
the logarithm of mean measured concentrations using SAS
program.

REPORTED RESULTS: During the test, the temperature remained
between 22.8 and 26.1°C in all solutions. The pH of new and
old test solutions ranged from 4.6 to 5.0 and 4.5 to 5.9,
respectively. The total hardness, total alkalinity, and
conductivity of the nutrient medium at test initiation were
530 mg/L as CaCO;, 5 mg/L as CaCO;, and 605 uS/cm,
respectively.

The tebuthiuron concentration at each treatment remained
relatively stable over the 7-day test period. The mean
measured concentrations were 0.0050, 0.0096, 0.049, 0.091,
0.19, 0.38, and 0.78 mg/L, representing 91 to 100% of the
nominal values. On test day 4, increases (18 to 42%) in the
concentration of tebuthiuron were measured at all treatment
levels (Table 2, attached), resulting from excessive
evaporation of the test solution over the first four days of
the study when the test vessels were loosely covered with a
sheet of clear Plexiglas.

Table 3 (attached) presents specific growth rates for the
control and each treatment level. The mean frond count in
the control cultures increased from the inoculation level of
9 to 734 on test day 14. This period of rapid vegetative
reproduction was considered to represent the logarithmic
phase and was used to determine the specific growth rate for
each replicate culture. No significant decrease in specific
growth rate relative to the control was observed at mean

4

¢
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measured concentrations of <0.091 mg/L. Specific growth
rates at test concentrations of >0.19 mg/L were
significantly (p < 0.05) lower than those of the control.
Based on the mean specific growth rate, the NOEC for

tebuthiuron was 0.091 mg/L.

Mean frond and plant counts of the duckweed at test
termination (day 7) are presented in Table 4 (attached). At
mean measured concentrations of <0.091 mg/L, the cell counts
on day 7 were not significantly reduced when compared to
those in the control. Significant reductions in frond and
plant counts were found between the control values and those
at concentrations of >0.19 mg/L. Based on the frond and
plant counts at test termination, the NOEC for tebuthiuron
was 0.091 mg/L.

Biomass measurements at each test level at test termination
are summarized in Table 4 (attached). No significant
reductions in biomass were observed at test concentrations
of <0.091 mg/L when compared to the control. Significant
decreases in biomass were found at test concentrations of
>0.19 mg/L. Based on the duckweed biomass, the NOEC was
0.091 mg/L.

The calculated values of growth inhibition for the control
and each treatment were shown in Table 3 (attached). The
percentage inhibition data at test concentrations of >0.049
were used to calculate the EC50 value. The EC50 determined
from a regression analysis was 0.235 mg/L with a 95%
confidence interval of 0.151 and 0.389 mg/L. The slope of
the regression line and the y-intercept were 84.10 and
102.96, respectively. The coefficient of determination (R?)
was 0.95.

STUDY AUTHOR'S CONCLUSIONS/QUALITY ASSURANCE MEASURES:

The NOEC of tebuthiuron for L. gibba was 0.091 mg/L. When
compared to the control cultures, specific growth rates,
frond and plant counts at test termination, and biomass were
significantly reduced at test concentrations of >0.19 mg/L.
Using the specific growth rate during the logarithmic phase
of reproduction as an indicator of the duckweed growth, the
EC50 value with 95% confidence limits was 0.235 (0.151-

0.389) mg/L. The slope of the dose-response curve was
84.10.

Several inspections had been conducted during the course of
the study by the Quality Assurance Unit of Lilly Research
Laboratories for compliance with the OECD GLP standards. A
GLP statement was included in the report.



14.

B.

MRID No. 410804-04

REVIEWER'S DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

A. Test Procedure: The test procedure and the report were
generally in accordance with the SEP and Subdivision J
guidelines, except for the following deviations:

o The maximum label rate was not provided in the
report. Therefore, it could not be determined if the
concentrations tested were less than the maximum label
rate as though it were applied directly to the surface
of a 15-cm water column.

o Only three plants per replicate were used. The SEP
recommends the use of five plants per replicate for
Lemna.

o The EC25 value was not reported.

Statistical Analysis: The reviewer calculated EC50 and EC25
values for each growth parameter using a regression
analysis. All calculations are attached. The EC50 value
based on specific growth rate (0.234 mg/L) was similar to
that calculated by the author (0.235 mg/L). However, the
estimation based on the biomass yielded the lowest EC50 and
EC25 (i.e., 0.135 and 0.066 mg/L, respectively). Therefore,
these values should be used in the risk assessment of
tebuthiuron.

Analysis of variance (ANOVA) with a multiple comparison
(Dunnett's) test was performed on the day-14 frond counts,
day-14 plant counts, and day-14 biomass to compare the
values at each treatment level to those of the control. The
printouts are attached. The results confirmed the analyses
performed by the authors. Test concentrations of >0.19 mg/L
significantly (p = 0.01) decreased the frond counts, plant
counts, and biomass of L. gibba when compared to the control
values. Since the raw data on specific growth rate were not
submitted, the ANOVA on this parameter could not be
verified.

Discussion/Results: This study is scientifically sound.
Based on the biomass on day 14, the EC25 and EC50 values of
tebuthiuron for L. gibba were 0.066 and 0.135 mg/L mean
measured concentrations, respectively. Based on the
decrease in frond counts, plant counts, and biomass at
tebuthiuron test concentrations of >0.19 mg/L and the
calculated EC25 above, the NOEC was determined to be <0.066
mg/L.



MRID No. 410804-04

D. Adequacy of the Study:

(1) c1assification:A Core.
(2) Rationale: N/A.
(3) Repairability: N/A.

15. COMPLETION OF ONE-LINER:

Yes, January 10, 1990.
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TABLE 2.  ANALYZED CONCENTRATIONS OF TEBUTHIURON IN THE TEST SOLUTIONS DURING A 14-DAY
- EXPOSURE OF Lemna gibba, STUDY J00588.

Analyced Tebuthiuron Concentration (mg/L)

Test 0.0

0 Nev® wo° 0.0048  0.011  0.048 0.10 0.20 0.41 0.84
4 owd® ND 0.0062 0.013 0.068 0.13 0.26 0.51 1.01

New ND 0.0039 0.0082 0.041 0.083 . 0.19 0.37 0.78
8 0ld ND 0.0034 0.0074 0.034 0.069 " 0.16 0.29 . 0.64

New ND 0.0060 0.010 0.054 0.088 0.20 0.41 0.83
11 old ND 0.0050 0.0083 0.047 0.076 0.16 0.33 0.65

New ND 0.0056 0.010 0.055 0.098 0.20 0.39 0.84
14 0ld ND 0.0049 0.0089 0.048 0.082 0.16 0.32 0.63
Mean ND . 0.0050 0.0096 . 0.049 0.091 0.19 0.38 0.78
£ SD | £0.0010 10,0018 10,010 0,019 £0.034 10.069 10.13

3 uNew" refers to samples collected from treatment stock solutions used to renev the test solutions.

b "0ld" refers to samples collected by pooling aliquots from the three replicates at each treatment prior to
reneval.

€ ND = None detected (i.e., <0.0005 mg/L).

(S)191/%%%2/RV/VITVML/ xxvxxx/ xxxx£01

b
63c

i

62
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6 TABLE 3. INHIBITION OF Lemna gibba REPRODUCTION BY TEBUTEIURON AS -
MEASUK .D BY SPECIFIC GROWTH RATE. STUDY JOOS588.

Average Analyzed » Specific
Tebuthiuron Grovth Rate Percent b
Concentration (mg/L) (1/day) Inhibition
~ (Control) +0.003
— 2.%010  0.0050 0.145 2.7
: +0.009
— 2.01FF  g.0096 0.148 ,, 0.9
( +0.011 4
— 1. 2098  0.049 ' 0.145 2.9
+0.008
— | .0H10 4 401 C0.137 8.3
10.004
— 0.2\ 0.19 S 0.104% 30.4
+#0.008
‘ — 0. 4202 .38 0.039" 73.7
+0.013 :
—0.10390.78 0.005" . 96.9
[ :OQOOZ
( * Significantly less than the control (p£0.05).

2 Mean + SD, n=3. The grovwth rate of each replicate culture vas
estimated wvith the tegression equation- loglo(N) = Ret + 1oglo(No).
vhere N = frond count,

R = specific grovth rate (day” ).

t = time (days), and

No = initial frond count (nine).

b v Rc;kt
Calculated by the equation: IR
) R

vhere IR = percent inhibition based $n specific grovwth rate,
= mean of the specific grovwth rates of the three replicate
control cultures, and

= mean of the specific grovwtl rates of the three replicatev
cultures at each treatment level.

x 100,

n%

L
-

30
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6 . TABLE 4. FROND COUNTS, PLANT COUNTS, AND BIOMASS OF Lemna gibba -
POPULATIONS EXPOSED TO TEBUTHIURON FOR 14 DAYS.
STUDY JO0OS88.
Average a’ 'a : b
Analyzed Duckveed Duckwveed Duckveed
Tebuthiuron Plant Count Frond Count Biomass On
Concentration On Day 14 On Day 14 Day 14 (mg)
(mg/L)
- 7. T 7 T
}\8‘1 Lone ND 169.3 7343  85.4
(Control) +15.7 +17.0 +1.9
‘ — . 3010 0.0050 140.7 773 _ | 103.5  —2|
( +35.7 +110.0 +19.8
— 2.0137  0.009% 166.7 796.3 — @ 9.9 — |3
+50.1 +258.0 +46.8
—1.269¢  0.049 125.0 766.7 —-/-} 97.7 |4
+49.3 +190.1 +23.2
: —1.04/0  0.091 118.0 592.3 19 65.0 9*{*
. £29.3 +70.2 +8.3
— 05213 0.9 47.3* 273.0¢ ;3 2008 13 .
#11.0 +48.4 +4.9
~0 4202 0.3 1.3 3.7+ g1, .45
+4.0 +10.5 +1.7
* *
-0 ]o 0.78 5.3 11.3% 1.7
( :}ﬁ +0.6 +1.2 q% +0.3 q%

* Significantly different from the control (p €0.05).

2 Mean + SD, n=3.

buean

i+

SD, n=3. Measured as dry veight of duckveed plants.
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REGRESSION EQUATION:
Y= 103,111 + 84.31854 X

COEFFICIENT OF CORRELATION= .-

(VR
~
Ll
L}
161
[ Oh]
W

ACTUAL VERSUS ESTIMATED VALUES
X=L0OG CONCENTRATION Y=PERCENT INHIEBITION <(GROWTH RATE:

DATA POINT X Y ESTIMATED Y ERROR
1 -1.3098 3 -7 329332 10.32939
= ~-1.041 8 15.33543 -7 . 335434
2 - 7212 30 42.30051 -12.30051
B - 3202 74 &7 .68033 &.319611
5 -. 1079 97 4., 01307 2.986931
EQ,D.Q = O- ne - N%,L
EEGLSR) = 0.234 "
Fraond Gounde

REGRESSION EQUATION:
Y= 118.9164 + 87.17873 X

COEFFICIENT OF CORRELATION= .94322

ACTUAL VERSUS ESTIMATED VALUES
X-LOG CONCENTRATION v=PERCENT INHIEITION CFrond Couumie)

DATA POINT X Y ESTIMATED Y ERROR

i -1.041 139 28.1633 -3.1633

2 -. 7212 63 S36.. 04306 6.356344
3 =. 4202 36 82.28385 13.71615
4 -. 10739 28 1039.5098 -11.50377

EC, ¢ - 0.084 I
ECsv = 0.lb v

A
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REGRESSION EQUATION:
= 118.9949 + 73.4351 X

COEFFICIENT OF CORRELATIGON= .324820Z

ACTUAL VERSUS ESTIMATED VALUES
X=L0G CONCENTRATION Y=PERCENT INHIBITION (RIOMASS)

DATA POINT X Y ESTIMATED Y ERROR
1 -1.3038 i4 14.35075 —-. ‘IS073523
2 ~-1.041 24 36.30231 -12.30231
3 - 7212 77 51.70626 15.29374
4 ~. 4202 =1 89.61623 10.38377
S -. 1079 98 110.4238 -12.42381

ECQs - 6-0bb M%/L
TCs, . ©0-13s )



Analysis of Variance File: TERUTS3 Date: 01-08-1358%35
FILTER: None
N s, meaﬁs and standard deviations based on dependent variable: FCOUNT

* Indicates statistics are collapsed over this factor

Factors: C N Mean S.D.
* =4 493.3750 344, 1200
1 Cownlrel 3 734.3333 17.0392
2 ©0.005 wqlL 3 777.3333 109, 9651
3 p.co9lb " 3 796.3333 257 .9830
4 o.0AQ 3 766.6667 190. 1166
5 e.o0ql v 3 592. 3333 70. 2308
& o.\q u 3 237. 0000 48. 4458
7 0.3% “ 3 31.6667 10,5040
8 3 11.3233 1.1547

“

RS Lo T L)

0.3
DODPRDDDDDDDDPPDDPDDDDDDRPDDDDDDDDDDDDDDDDDDDDDDDDDDDRDDDDDDDDDDDDDDDDDDDDDDDDDDD
Fmax for testing homogeneity of between subjects variances:43918.75
Number of variances= 8 df per variances= g .
pPRDDDDDDDDDDDRDDDDDDRDD P DR DDDDDDDDDRDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDRDDDDDDD
Analysis of Variance Dependent variable: FCOUNT

Source df 88 (H) MSS F P
Eetween Subjects 23 2723627.5000
C C(CONCH 7 2478675.0000 354096.4400 23,129 0.0000
Subj w Groups ig 244952, 3000 185309, 5318

Py

/7



Adnalysis of Variance » File: TEBUTZ3 Date: 01-08-138%3
FILTER: Nane

Post-hoco tests for factor C (CONCH

Level Mean Level Mean
i 734.333 & 227,000
z 777.333 7 31.867
3 796.333 8 11.333
4 7E6.667
5 592.333

Compariscn Dunnett

14 3

1< 4

1 > 5

1+ 6 0.0100 ¥ .19 wqlL
17 0.0100 * o©.3¢ .
1 > 8 0.0100 ¥ o.%g
R N. A

2 x4 N.A.

o N. A,

= v 6 N. A.

2 w7 N. A.

2 8 N. A.

3 o4 N. A.

3 x5 N.A.

26 N. A.

3 7 N.A.

2 » 8 N.A.

4 x5 N.A.

4 6 N.A.

4 7 N. A.

4 =8 N.A.

5 6 N. A.

5 w7 N.A.

5 » 8 N.A.

& 7 N. A.

& » 8 N.A.

7 > 8 N. A.

For Dunnett’s test only the P-values .05 and .01 are possible
and only for comparisons with the control mean (level 10.-

P
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Analysis of Variance File: TEBUT4 Date:

FILTER: None

N's, means and standard deviations based on dependent variable: PCOUNT

# Indicates statistics are collapsed over this factor
Factors: C N Mean S.D.

* \ 24 57.9583 68.8972
1 Cowtre 3 169.3333 15. 6950
2 ©O.00F%F *“ﬂ“- 3 140.6667 35.7258
3 o.o06A 3 le6. 6667 S50.1431
4 o.60Hq9 . 3 125. 0000 43.2747
S o.eql " 3 118. 0000 29.3087
€ o.19 N 3 47.3333 10.96957
7 O0.3% " 3 11.3333 4.:‘)415
8 ©o.%% 3 5.3333 5774

DDDDDDDDDDDDDDDDDDDDDDDDEDDEDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
Fmax for testing homogeneity of between subjects variances: 73543.00

Number of variances= 8 df per variances= 2
DEDHDDEDEDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDEDDDDDDDDDDDDD@@DDDDDDD

Analysis of Variance Dependent variable: PCOUNT
Sour ce df S5 (H) - MSS F p b
Between SBubjects 23 109176.9530

C (CONCO 7 34254.3610 13464.9941 14.438 00,0000

Subj w Groups 16 14921 .9922 I32.6245

/e



Analysis of Variance - File: TERUTH Date: 01-08-1389
FILTER: None

Post-hoc tests foF factor C (CONG)

Level Mean Level Mean
i 1639.333 & 47,33
z 140.667 7 11.333
2 166.667 8 5.333
4 125,000
5 118. 000

Comparison Dunnett
1

.,

0.0100 #  0.19 WL
0.0100 X 0.3
0.0100

N.A. o3 v

N.A.

N. A.

N.A.

N. A.

N. A.

N. A.

N. A.

N. A.

N.A.

N. A.

N.A.

N. A.

N.A.

N. A.

N.A.

N.A.

NoA.

LA

A.
, %};.A.

gt

SN NF

R Y S

NOoONONGONOOONOUEOINOUROONGOUREWORN

NOO WO U e s s RO WR M MR R R e e e e e

For Dunnett’s test only the P-values .05 and .01l are possible
and only for. comparisons with the control mean (level 1). .
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Analysis of Variance - . File: TERUTS Date: 01-08-13839
FILTER: None '
M's, means and sténdard deviations based on dependent variable: BIOMASS

* Indicates statistics are collapsed over this factor

Factors: C N Mean S.D.
* 24 59,2125 45,2318
1 anJKaQ 3 85. 4000 1.8520
z o.0o5 walL 3 103. 5000 19.7919
2 e.00qL M 3 96. 9333 . 46.8504
4 o.049 3 97.7333 23.1865
5 s.081 M 3 64,3333 8.2978
6 o.\a “ 3 20.0333 4.8439
7 o a3 " 3 3. 4333 1.6503
8 3 1.7332 0.3055

©.'+%
DDDDDDDDDDDDDDDDDDDDDED&DDDDDDDDEDDDDDDDDDDDDDDDDHDDDDDDDDDDDDDDDDDDDDDDDDF&DDD
Fmax for testing homogeneity of between subjects variances:23517.47

Number of variances= 8 df per variance= 2. -
pODPPDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDBDDDDDDDD
Analysis of Variance Dependent variable: BIOMASS ‘
Source df 88 (H) - MSS F P
Between Subjects 23 47086.0820

C CCONC) 7 40610.3670 S5801.4810 14.401 0.0000

Subj w Groups 16 6445, 7148 402.8872




Analysis of Variance - - File: TEBUTS - Date: 01-08-1389
FILTER: None

Post-hoc tests for factor C (CONC)

Level Mean Level Mean .
1 85.400 & 20.033
2 103.300 7 3.433
3 96.933 8 1.733
4 37.733
S £4.,933

Comparison Dunnett
1 <
1«

p

0.0100 % ©0.11 Wu‘“..

0.0100 ¥ .8

0.0100 % ) "
N. A. 3%

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N. A.
N.A.
N.A.
N.A.
N.A.
N. A.
N.A.
N.A.
N.A.

-

AT AR Y A SR

gt g

g

DAY R T

g

et N

e

NONONGONOUONDURONOUNEOONOURWM

NN B EREORWEWNN MR RRN e e

For Dunnett’s test only the P-values .08 and .01 are possible
and only for. comparisons with the control mean (level 13. .
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lewis tebuthiuron lemna frond count
Ao R R R R KRR R R R OK KRR R K R ko o R o KK o ok o ok o Kok ok o o K ok
CONC. NUMBER NUMBER PERCENT BINCMIAL
EXPOSED. DEAD DEAD PROB. (PERCENT)
.78 100 . 28 28 0
.38 ©10G .96 96 0
.19 106" 63 A 63 0
. 091 1005 «19 19 0
.049 100 * 0 0 0
9.600001E-03 100 0 0
0 .
.005 100 0 0 0

THE BINOMIAL TEST SHOWS THAT .091 AND .19 CAN BE

USED AS STATISTICALLY SOUND CONSERVATIVE 95 PERCENT
CONFIDENCE LIMITS, BECAUSE THE ACTUAL CONFIDENCE LEVEL
ASSOCIATED WITH THESE LIMITS IS GREATER THAN 95 PERCENT.

AN APPROXIMATE LC50 FOR THIS SET OF DATA IS .1543143

RESULTS CALCULATED USING
SPAN G

1.618376E-02 ©

95 PERCENT

RESULTS CALCULATED USING THE PROBIT METHGOD

ITERATIONS G H
GOODNESS OF FIT PROBABILITY
é . 101908 . 2.780902

1.622689E-02

SINCE THE PROBABILITY IS LESS THAN 0.05, RESULTS CALCULATED
USING THE PROBIT METHOD PROBABLY SHOULD NOT BE USED.

SLOPE = 3.998358 |

95 PERCENT CONFIDENCE LIMITS = 2.721961  AND  5.274755
LCSO = .1586298 .
95 PERCENT CONFIDENCE LIMITS = .1281473 AND .1966771
LC10 = i

IMITS = 5.030507E-02 AND 9.828933E-02
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